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Giant over-the-horizon antenna designed by Bell Tel- 
ephone Laboratories for “White Alice,” Air Force 
Alaskan defense communications network. 


- 
T HE huge antenna systems 


which project ultra-high fre- 


quency radio communications 
beyond the horizon began when 
a Bell Telephone Laboratories 
engineer became intrigued with 
a strange phenomenon. Al- 
though these radio waves were 
supposed to be useful only over 
line-of-sight distances, the 
waves displayed a mysterious 
tendency to take off in a giant 
stride to antennas beyond the 


horizon. 


This phenomenon had been 
studied both here and abroad, 
but no practical use was seen 
until the engineer became inter- 
ested and thoroughly sifted the 
experimental data. He came up 
with the stimulating conclusion 


that over-the-horizon transmis- 
sion is far stronger and much 
more dependable than was gen- 
erally supposed. Further he 
predicted that it could be uti- 
lized to supply dependable 
broadband communications. He 
and his associates at Bell Lab- 
oratories confirmed the predic- 
tion experimentally, then drew 
up requirements for the first 
over-the-horizon UHF transmis- 


sion system. 


This pioneer work at Bell 
Telephone Laboratories has 
greatly increased the useful- 
ness of UHF communications. 
For example, over-the-horizon 
transmission now provides crit- 
communica- 


ically important 


tions between remote military 


BELL TELEPHONE LABORATORIES 


WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 


boots 








How UHF radio 


got seven-league 


outposts in the Arctic and in 
the far north. 

For the Bell System it can 
provide important new links for 
telephone and television. 





Left, Kenneth Bullington, B.S.E.E., 
University of New Mexico; M.S., 
Massachusetts Institute of Tech- 
nology; recipient of the 1956 Morris 
Liebmann Memorial Prize and the 
1956 Stuart Ballantine Medal for his 
contributions in the fleld of over- 
the-horizon UHF radio transmission. 


Right, experimental antenna used in 
early over-the-horizon UHF radio 
transmission research, Research ex- 
tended transmission reach from 80 
miles line-of-sight to 200 miles, 
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Photomicrographic Light Source 


Steady, high-intensity illumination for normal view- 
ing is provided by a photomicrographic light source that 
can also be pulsed at a very much higher intensity to 
make a photographic exposure, The increased illumina- 
tion is obtained by furnishing a pulse of increased power 
lamp. The increase in brightness is 


to the xenon-are 
approximately 36 times in the type 505 BP unit, The 
duration of the light pulse can be varied in four discrete 
steps up to a maximum of 135 msec. The color tempera- 
ture is very close to daylight. The pulse can be syn- 
contacts, (Nems-Clarke, 


chronized by camera shutter 


Dept. M256 


Antenna Horns 


Antenna horns for frequencies ranging from 1000 to 
10,000 Mey are offered in standard or special de- 
signs. Beam width and antenna gain can be provided to 
individual specifications. Silver and rhodium are used 
for all internal electrical working surfaces. (J.V.M. En- 


gineering Co,, Dept. M271 


SCC 


Ion-Exchange Resins 


Data that 
ion-exchange resins, as well as prices, are included in 


must be considered in selecting specific 
a folder that describes ion-exchange resins of analytic 
grade. The effects of functional groups, cross linkage, 
and particle size are discussed. (Bio-Rad Laboratories, 


Dept. M269 


Flasks 


Dewar flasks of 
transfer of less than 3000 cal/hr at 300°F ambient, with 
Conduction through the 


stainless steel have a radiant heat 
temperature of contents 40°F. 
neck in a 4-in. length is less than 20 cal/hr deg C. 
The flasks are of welded construction. (Consolidated 


Electrodynamics Corp., Dept. M350) 


Tube Tester 

Electron tube tester uses perforated cards to effect 
the proper circuit adjustments for tube testing. The 
testing procedure consists of insertion of the tube, se- 
lection of the card appropriate to the tube type, and 
pushing of buttons to observe quality. (Hickok Elec- 
trical Instrument Co., Dept. M245) 


Infrared Spectrophotometer 


A double-beam prism infrared spectrophotometer 
that is designed for table-top use measures 47 by 30 in. 
Prevision has been made to allow for differential anal- 
ysis by addition of a fixed-slit mechanism, a variable- 
scan drive, and an a-c bias. A narrow-slit program de- 
vice can be used with the instrument in high-resolu- 
tion studies. A recycling mechanism for kinetic studies 
Baird-Atomic Inc., Dept. M324) 


is also available. 


of the manufacturer(s) and the department number(s 


Glass Joints 


Fit and seal of unground glass joints are provided by 
compression of flexible rings between the cone and the 
socket. The glass socket has a 1-to-10 taper; the cone 
is fitted with two heat-resistant and chemically resistant 
W. G. Flaig and Sons, 


rings made of silicone rubber. 


Ltd., Dept. M322 


Thermal Conductivity Cell 
Accommodating liquids with boiling points up to 
$25°C, a thermal conductivity cell for chromatographic 
analysis operates over a range of 30° to 325°C. Flake 
thermistors are used as temperature-sensing elements. 
The detector is constructed of stainless steel and en 
closed in an oven in which the temperature is continu- 
ously variable from 30° to 350°C. Resistance is meas- 
ured by a Wheatstone bridge designed for use with flake 
thermistors. (Barnes Engineering Co., Dept. M330 


Waveform Generator 

Thirty-seven basic output waveforms, including sine, 
triangle, sawtooth, pulse, square, and trapezoid, as well 
as ramp and step functions, are provided by a wave- 
form generator that is manufactured by Servomax Con- 
trols Ltd. for the low frequency range. Dynamic fre- 
quency range is greater than 1,000,000 to 1 with an 
absolute accuracy of +2 percent. Output may be con- 
tinuously varied from 150 to 100 v peak-to-peak in six 
ranges. Sine waves may be generated at frequencies 
from 500 to 0.0005 cy/sec. 
from | msec to 1000 sec with rise time, 10 percent to 90 
sritish Industries Corp., 


Pulse duration is variable 
sec, 


percent of less than 5 
Dept. M327 
Freeze-Dryers 

Freeze-drying equipment is described in an 18-page 
catalog. Included are descriptions of a complete port- 
able unit and of histological, biological, infrared, and 
Roto-Freeze units and accessories. (Will Corp., Dept. 
M308 


X-ray Analyzer 

Designed for the continuous analysis of a single ele- 
ment, an x-ray analyzer utilizes x-ray fluorescence, 
measuring the ratio of fluorescent radiation, which is 
characteristic of the element, to scattered radiation. 
Spectral lines from 0.35 to 2.8 A may be employed. 
This permits measurement of elements from titanium 
to cerium by their K-spectra and of elements up to 
atomic number 100 by their L-spectra. A curved crystal 
of lithium fluoride is used as the dispersive element of 
the spectrometer. Results are presented on a strip-chart 
ratio recorder. Errors are said to be less than | percent 
of full scale. (Applied Research Laboratories, Dept. 
M331) 

















designed for the professional... 


LEITZ LABOLUX micROSCOPE 


Scientists, physicians and technicians who must work for long periods 
with a microscope will appreciate the new Leitz LABOLUX with its 
fatigue-free operation, precision optics and unexcelled dependability. 


e Stage—instead of tube—moves for focusing. 


e Individual coarse and fine adjustments are combined 
in a single, clutch-operated control knob. 
















¢ All controls including those for the mechanical stage \ 
in low position for fatigue-free operation. 


e Can be used facing away from observer, for greater 
accessibility of all controls. 


e Pre-aligned substage illuminator or mirror. 

e Retractable spring mounts in objectives prevent 
damage to lens and slides. 

e Inclined binocular body tube interchangeable with 
monocular tube for photomicrography. 






Send for LABOLUX - 


brochure today. &. Leitz, inc., Dept. $M_-7 


See and examine the < 468 Fourth Ave., New York 16, N.Y. 


| new Leitz LABOLUX 





Please send me your brochure on the new Leitz 
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microscope soon. ; LABOLUX. 
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€. LEITZ, INC., 468 FOURTH AVENUE, NEW YorKi6, Ny. ! 
Distributors of the world-famous products of Ernst Leitz, Wetziar, Germany ; Street 
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Here Dr. W. J. Muehlner (left), Dr. H. N. Leifer (center) and Dr. K. F. Cuff 


discuss properties of solids. 


SOLID STATE 


Several major programs at Lockheed Missile Systems require 


significant advances in fields such as: 


Solid state electronics; ferrites and ceramics; infrared systems and 
components; photoconductivity; photovoltaic and thermoelectric properties 
of semiconductors; radiation damage studies; physical properties of 


mono- and poly-atomic semiconductors. 


Positions are open on the staff at the Palo Alto Research Laboratory. 
Address the Research and Development Staff, Palo Alto 34, California. 
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LOCKHEED AIRCRAFT CORPORATION 
PALO ALTO «SUNNYVALE «+ VAN NUYS 


CALIFORNIA 
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History of Tension 


Mr. Huxley ts a distinguished British 


ALDOUS HUXLEY 


journalist and novelist. This article ts 


based on an address given at the Conference on Meprobamate and Other Agents 


Used in Mental Disturbances at the Neu 


Y ork of Sciences, 18 Oct. 


Academy 


1956. It is reprinted here by permission from the monograph Meprobamate 


and Other Agents Used in Mental Disturbances [Ann 


HE title of this article is somewhat mislead- 
ing, for, strictly speaking, the history of ten- 
sion does not exist. Tension is a form of 
disease, and diseases, as such, are beyond the scope 
of history. There is no such thing, for example, as 
a medieval stomachache, no such thing as a spe- 
cifically neolithic focal infection, a characteristic- 
ally Victorian neuralgia, or a New Deal epilepsy. 
So far as the patient is concerned, the symptoms of 
his illness are a completely personal experience 

an experience to which the public life of nations, 
the events recorded in the headlines or discussed 
in scientific journals and literary reviews, are totally 
irrelevant. Politics, culture, the march of civiliza- 
tion, all the marvels of nature, all the triumphs of 
art and science and technology—these things exist 
for the healthy, not for the sick. The sick are 
aware only of their private pains and miseries, only 
of what goes on within the four walls of the sick- 
room. For them, the infinite has 
tracted almost to a point. Nothing remains of it but 
their own suffering bodies, their own numbed or 
tormented minds. Disease as an actual experience 
is more or less completely independent of time and 
place, Consequently, there cannot be a history of 
disease as experience; there can be only a history 
that is to say, a history of theories 


universe con- 


of medicine 


about the nature of diseases and of the recipes em- 
ployed, at different times, for their treatment, to- 
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gether with a history of the ways in which organized 
societies have reacted to the problems of disease 
within the community. 

Although tension, as a psychosomatic illness, has 
no history, at least some of the causes of tension lie 
within the public domain and can be made the 
subject of historical study. The same is true of the 
procedures sanctioned by various societies for the 
prevention and relief of tension. The subject is 
enormous, and my space is limited and my igno- 
rance is encyclopedic. I shall therefore make no 
attempt to the 
sociated with tension but shall confine myself to 


discuss all historical factors as- 
those which are most manageable and, at the same 
time, most relevant to the problems confronting 


us today. 
Historical Causes of Tension 


Let me start with what I shall not discuss. I shall 
not discuss, except perhaps incidentally, the his- 
torical causes of tension. This would entail a dis- 
cussion of two vast and complex themes—the trans- 
formation of culture patterns and the relations sub- 
sisting between a given culture and the individuals 
brought up within it. At the risk of indulging in 
those Original Sins of the intellect. oversimplifica- 
tion and overabstraction, let me sum up this whole 
matter in one large, comprehensive generalization. 
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| 








‘Tension, I would say, arises in persons who, be 

cause of some congenital or acquired weakness, are 
unable to cope with certain distressing situations 
These distressing situations are produced by con 
flict conflict between the fundamental drives to 
self-affirmation and sex, on the one hand, and the 
equally fundamental drive to gregariousness, on the 
other. ‘The drive to gregariousness is canalized by 
society, sanctioned by tradition, and rationalized in 
terms of religion and philosophy; hence, the intru 

sion of historical factors into a situation which, on 
the animal level, would be exclusively biological, 
Phe disease of tension seems to have arisen under all 
cultural conditions—in shame cultures as in guilt 
cultures, in primitive cultures no less than in highly 
developed cultures and fundamentally similar de 
vices for the relief of tension have been developed 
in all the societies of which we have any knowledge. 
It is with these devices for the relief of tension that 


I shall be concerned in this article 


His Sweating Self 


Like all other diseases, tension tends to narrow 
the patient’s awareness, until, in extreme cases, he 
is conscious of nothing but himself. Grave illnesses 
profoundly change the personality of their victims 
lo this changed personality the narrowing otf 
awareness, induced by the illness, soon comes to 
seem almost normal, and is taken for granted. 
lension is not a severe illness, and those who suffer 
from tension are well enough to feel and suffer 
from the cramping self-centeredness imposed upon 
them by their psychosomatic disorder. They are 
like those lost souls, whose punishment is, in the 
words of the great Catholic poet, Gerard Manley 
Hopkins, “to be their sweating selves, but worse.” 

The victim of tension knows and is acutely dis- 
tressed by this sense of being his sweating self, but 
worse. And here we may remark that even healthy 
people are often distressed by the realization that 
they are condemned to be the separate, insulated in- 
dividuals they so irretrievably are. Neurotics hate 
being their sweating selves, but worse, Normal 
people just hate being their sweating selves, period. 
One of the most disagreeable symptoms of tension 
is Sumply the normal distress at being an island uni- 
verse raised, so to speak, to a higher power, Man is 
a self-adoring egotist, but an egotist who often feels 
an intense distaste for the object of his idolatrous 
worship, 

Correlated with this distaste for the beloved self 
there exists in all human beings an urge to self- 
transcendence, a wish to escape from the prison of 
personality, a longing to become something other 
and greater than the all-too-familiar Me, a suscepti- 


bility to a nostalgia for a world superior to, or at 
least different from, the boring or painful universe 
of everyday reality. ‘The religious man has attrib- 
uted this universal urge to self-transcendence to an 
innate and deep-seated yearning for the divine. 
The biologist sees the matter somewhat differently 
and attributes man’s desire for self-transcendence 
to the workings of his innate gregariousness. ‘The 
individual longs to be merged with the herd, but 
he is too self-centered to be able to do so com- 
pletely and too self-conscious to be able to keep up 
the attempt for very long. He is therefore con- 
demned to live in a state of chronic dissatisfaction, 
constantly pining for something which, in the very 
nature of things, he can never have. 

These two explanations are not mutually exclu- 
sive, and I would be inclined to think that both 
are partially correct. Be that as it may, the facts 
which they profess to account for are genuine facts. 
Phere is an urge to self-transcendence and, along 
with it, a profound distaste for the insulated ego 
a distaste which, in the victims of tension, becomes 
acute and agonizing. In every human culture cer- 
tain procedures for achieving temporary self-tran- 
scendence, and thereby relieving tension, have been 
developed and systematically employed. ‘These pro- 
cedures may be classified under a few comprehen- 
sive headings. ‘There are the chemical methods, the 
musical and gymnastic methods, the methods that 
depend on subjecting insulated individuals to the 
influence of crowds, the various religious methods, 
and, finally, the methods whose purpose is mystical 
self-transcendence--the various yogas and spiritual 
exercises of Oriental and Western tradition. Hours 
would be needed to do justice to all these methods, 
and I must limit myself to a discussion of only two 
of them, the most popular and the hardest to 
control-namely, the chemical method and what 
may be called the crowd method. 


Chemicals for Self-Transcendence 


Certain chemical compounds produce certain 
changes of consciousness and so permit a measure 
of self-transcendence and a temporary relief of 
tension, ‘Thus, the so-called “tranquilizing drugs” 
are merely the latest addition to a long list of 
chemicals which have been used from time im- 
memorial for changing the quality of consciousness 
and so making possible some degree of self-tran- 
scendence and a temporary release from tension. 
Let us always remember that, while modern phar- 
macology has given us a host of new synthetics, it 
has made no basic discoveries in the field of the 
natural drugs; it has merely improved the methods 
of extraction, purification, and combination. All the 
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naturally occurring sedatives, narcotics, euphorics, 
hallucinogens, and excitants were discovered thou- 
sands of years ago, before the dawn of civilization. 
This surely is one of the strangest facts in that long 
catalog of improbabilities known as human. his- 
tory. Primitive man, it is evident, experimented 
with every root, twig, leaf, and flower, every seed, 
nut, berry, and fungus in his environment. Phar- 
macology is older than agriculture. ‘There is good 
reason to believe that even in paleolithic times, 
while he was still a hunter and a food-gatherer, 
man killed his animal and human enemies with 
poisoned arrows. By the late Stone Age he was 
systematically poisoning himself. ‘The presence of 
poppy heads in the kitchen middens of the Swiss 
Lake Dwellers shows how early in his history man 
discovered the techniques of — self-transcendence 
through drugs. ‘There were dope addicts long be- 
fore there were farmers. 

Here let me mention a fact of some importance. 
‘To relieve tension, a chemical compound does not 
have to have the characteristics of a tranquilizer. 
Alcohol, for example, is far from tranquilizing, at 
least in the middle stages of intoxication. But alco- 
hol has been relieving tension ever since Noah 
made his epoch-making discovery. Self-transcend- 
ence can be achieved by an excitant as well as by a 
narcotic or a hallucinogen. ‘Tension is relieved, not 
only by such contemplative drugs as opium, peyote, 
kava, and ayahuasca, but also by the active, ex- 
traverted intoxicants, such as wine, hashish, and 
the soma of ancient India. Physiologically and 
socially, some drugs are much less harmful than 
others and, therefore, are to be preferred. But such 
merely utilitarian considerations have never carried 
much weight with the drug taker. For him anything 
that produces a measure of self-transcendence and 
release seems good. As long as it works here and 
now, who cares what may happen later on? 

A highly significant statement on this subject 
was made by William James in his Varieties of 
Religious Experience: “The sway of alcohol over 
mankind is unquestionably due to its power to 
stimulate the mystical faculties of human nature, 
usually crushed to earth by the cold facts and dry 
criticisms of the sober hour. Sobriety diminishes, 
discriminates and says No; drunkenness expands, 


unites and says Yes. It is in fact the great exciter 


of the Yes function in man. It brings its votary from 
the chill periphery of things to the radiant core. It 
makes him for the moment one with truth. Not 
through mere perversity do men run after it. To 
the poor and the unlettered it stands in the place 
of symphony concerts and of literature. It is part 
of the deeper mystery and tragedy of life that 
whiffs and gleams of something that we im- 


July 1957 


mediately recognize as excellent should be vouch- 
safed to so many of us only in the fleeting earlier 
stages of what in its totality is so degrading a 
poison. The drunken consciousness is one bit of 
the mystic consciousness, and our total opinion of it 
must find its place in our opinion of that larger 
whole.” 

Elsewhere in the Varieties James cites the dictum 
of one of his medical friends: ‘There is no cure 
for dipsomania except religiomania.” In their some- 
what too epigrammatic way, these words express a 
truth, which the collective experience of Alcoholics 
Anonymous has amply confirmed. Mystical experi- 
ence stands to drunkenness in the relation of whole 
to part, of health to sickness. For the alcoholic as 
for the mystic, there is an opening of doors, a by- 
passing of what I have called the cerebral reducing 
valve, the normal brain function which limits our 
mental processes to an awareness, most of the time, 
of what is biologically useful. For both, there is a 
glimpse of something transcendent to the world of 
everyday experience—-that narrow, — utilitarian 
world which our self-centered consciousness selects 
from out of the infinite wealth of cosmic potentialli- 
ties. What the drunkard sees in the earlier phases 
of intoxication is immediately recognized as ex- 
cellent. What is not excellent is the particulai 
method employed for achieving this transcendental 
experience. 

Alcohol is one of the oldest and certainly the 
most widely used of all consciousness-changing 
drugs. Unfortunately, it is a rather inefficient and, 
at the same time, a rather dangerous drug. There 
are other and better ways than getting drunk for 
achieving the same intrinsically excellent results. 
Some of these ways are chemical, others are psy- 
chological. Others involve fasting, voluntary in- 
somnia, and various forms of self-torture. All these 
procedures modify the normal body chemistry and 
so facilitate the bypassing of the cerebral reducing 
valve and a temporary escape from the prison of 
insulated selfhood. Some day, when psychology 
becomes a genuine science, all these traditional 
methods for producing self-transcendence will be 
systematically examined, and their respective merits 
and defects will be accurately assessed. For the 
present we must be content with such fragmentary 
knowledge as is now available. 

William James’ characterization of alcohol as an 
exciter of the mystical faculties is strikingly con- 
firmed by what the mystics themselves have said 
of their ecstatic experiences. In the mystical litera- 
ture of Islam, metaphors derived from wine and 
winebibbing are constantly employed. Precisely 
similar metaphors are to be found in the writings 
of some of the greatest Christian saints. Thus, St. 














John of the Cross calls his soul la interior bodega di 
mi Amado—the inward wine cellar of my Beloved. 
And St. ‘Teresa of Avila tells us that she “regards 
the center of our soul as a cellar, into which God 


is when and as it pleases Him, so as to 


admits 
intoxicaie us with the delicious wine of His grace 


” 


Consciousness-Changing Chemicals and Religion 


Phe experience of self-transcendence and the re- 
lease of tension produced by alcohol and the other 
consciousness-changing chemicals is so wonderful, 
so blessed, and so blissful that men have found it 
quite natural to identify the drugs to which they 
owe their momentary happiness with one or an- 
other of their gods. “Religion,” said Karl Marx, “‘is 
the opium of the people.” It would be at least as 
true to say that opium is the religion of the people. 
A few mystics have compared the state of eestasy to 
drunkenness: but innumerable drinkers, smokers, 
chewers, and snufl-takers have achieved a form ot 
ecstatic release through the use of drugs. The 
supernatural qualities of this mental state are pro- 
jected outward upon the drugs that produced it. 
Phus, in Greece, wine was not merely sacred to 
Dionysus; wine ccas Dionysus. Bacchus was called 
Theoinos--Godwine a single word that equates 
alcohol with deity, the experience of drunkenness 
with the holy spirit. “Born a god,” said Euripides, 
“Bacchus is poured out in libations to the gods, and 
through him men receive good.” ‘That good, ac- 
cording to the Greeks, was of many kinds—physical 
health, mental illumination, the gift of prophesy- 
ing, the eestatic sense of being one with divine 
truth. Similarly, in ancient India, the juice of the 
soma plant (whatever that plant may have been) 
was not merely sacred to Indra, the hero-god of 
battles; it was Indra. And at the same time it was 
Indra’s alter ego, a god in its own right. 

Many similar examples of this identification of a 
consciousness-changing drug with some god of the 
local pantheon could be cited. In Siberia and Cen- 
tral America various species of hallucinogenic 
mushrooms are regarded as gods. ‘The Indians of 
the southwestern United States identified the 
peyote cactus with native deities and, in recent 
years, with the Holy Ghost of Christian theology. 
In classical times the northern barbarians who 
drank malt liquor worshiped their beer under the 
name of Sabazius. Beer was also a god for the 
Celtic peoples, as mead seemed divine to the 
Scandinavians and the Teutons. In Anglo-Saxon, 
the idea of catastrophe, of panic, of the ultimate in 
horror and disaster is conveyed by a word whose 


literal meaning is “the deprivation of mead.” 


Almost evervwhere the consumption of conscious- 
ness-changing drugs has been associated, at one 
time or another, with religious ritual. Drinking, 
chewing, inhaling, and snufl-taking have been re- 
garded as sacramental acts, sanctioned by tradition 
and rationalized in terms of the prevailing theology. 
In the Moslem world, alcohol was forbidden, but the 
urge to self-transcendence could not be suppressed, 
and there were and still are places within the Mos- 
lem world where the consumption of Cannabis in- 
dica is not only sanctioned by society but has even 
been turned into a kind of religious rite. Certain 
Mohammedan authors have seen in hashish the 
equivalent of the sacramental bread and wine of the 
Christians. Among the Jews, many efforts were 
made to give a religious sanction to winebibbing. 
Jeremiah refers to the “cup of consolation,” which 
was administered to the bereaved. Amos speaks of 
men who drink wine in the house of their God. 
Micah has some harsh words for those who, in his 
day, used to prophesy under the influence of alco- 
hol. Isaiah denounces the priests and prophets who 
have “erred through strone drink.” They have 
erred, he says, “in vision.” ‘Traditionally, Dionysus 
was the god of prophecy and inspiration, but, alas, 
the revelations of alcohol are not altogether relia- 


ble. 


Herd-Poisoning 


From self-transcendence by chemical means, we 
now pass to self-transcendence by social means. 
The individual makes direct contact with society 
in two ways: as a member of some familial, profes- 
sional, or religious group, or as a member of a 
crowd, A group is purposive and structured; a 
crowd is chaotic, serves no particular purpose, and 
is capable of anything except intelligent action. 
Using an analogy that is not too misleading, we can 
say that the first is an organ of the body politic, 
the second is a kind of tumor, generally benign, 
but sometimes horribly malignant. 

The greater part of most people’s lives is passed 
in groups. Participation in crowd activities is a 
relatively rare event. This is fortunate, for indi- 
viduals in a crowd are different from, and in every 
respect worse than, individuals in isolation or 
within purposive and organized groups. A man in 
a crowd loses his personal identity, and this, of 
course, is why he likes to be in a crowd. Personal 
identity is what he longs to transcend, to escape 
from. Unfortunately, the members of a crowd lose 
more than their personal identity; they also lose 
their powers of reasoning and their capacity for 
moral choice. Their suggestibility is increased to 
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the point where they cease to have any judgment 


or will of their own. They become very excitable, 
they lose all sense of individual or collective re- 
sponsibility, they are subject to sudden and violent 
accesses of rage, enthusiasm, and panic, and they 
become capable of performing the most monstrous, 
the most completely senseless acts of violence, 
usually against others, but sometimes against them- 
selves. In a word, a man in a crowd behaves as if he 
had swallowed a large dose of some powerful in- 
toxicant. He is a victim of what may be called herd- 
poisoning. Like alcohol, herd-poison is an active, 
extraverted drug. It changes the quality of indi- 
vidual consciousness in the direction of frenzy and 
makes possible a high degree of downward selt- 


The 


escapes from insulated selfhood into a kind of sub- 


transcendence. crowd-intoxicated individual 
human mindlessness. 

From the beginning, men have done their work 
and gone through the serious business of living in 
purposeful groups. Crowds have provided them 
with their psychological vacations. Nourishment 
drawn from the group has been their staple food; 
herd-poison has been their delicious dope. Religion 
has everywhere sanctioned and rationalized intoxi- 
cation by herd-poison, just as it has sanctioned and 
the use of consciousness-changing 
chemicals. Alfred North Whitehead’s 


that “religion is what the individual does with his 


rationalized 
statement 
solitariness” is true only if we choose to define 
religion as something which, as a matter of his- 
torical fact, it has never been, except for a small 
minority. And the same would be true of a defini- 
tion of religion in terms of what the individual does 
with his experience of being in a small, dedicated 
group, such as the Quaker meeting, or the “two o1 
three gathered together in my name,” of whom 
Christ spoke in the gospel. 

The spirituality of small groups is a very high 
form of religion; but it is not the only or the 
commonest form—it is merely the best. Signifi- 
cantly enough, Christ promised to be in the midst 
of a group of two or three. He did not promise to 
be present in-a crowd. Where two or three thou- 
sand, or two or three tens of thousands, are gathered 
together, the indwelling presence is generally of a 
very different and un-Christlike kind. Yet such 
crowd activities as the mass revival meeting and 
the pilgrimage are sanctioned and even actively 
encouraged by religious leaders today, just as they 
were in the pagan past. ‘The reason is simple. Most 
people find it easier to achieve self-transcendence 
and relief from tension in a crowd than in a small 
group or when they are by themselves. These herd- 
poisonings in the name of religion are not partic- 
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ularly beneficial. They merely provide brief holidays 
from insulated self-consciousness 


The 


scendence in crowds is long and, for all its strange 


history of man’s efforts to find self-tran 


ness, its weird aberrations, profoundly monotonous 
From the potlatch and the corroboree to the latest 
roll,” the 


herd-poisoning exhibit the same, subhuman « hara 


outburst of “rock ’n manifestations of 


teristics. At their best, such performances are mere ly 


their subhumanity: at their worst, 


they are both grotesque and horrible. One thinks, 


grotesque in 


lor example, of the festivals of the Syrian goddess, 


in the course of which, under the maddening in 


fluence of herd-poison and priestly suggestion, men 
and women lacerated then 


castrated themselves 


breasts. One thinks of Greek maenadism, with its 
savage dismemberment of living victims. One thinks 
One thinks of all the out- 


the Middle 


the children’s crusades, the periodical orgies 


of the Roman saturnalia 


bursts of crowd-intoxication during 
Ages 
of collective flagellation and those strange dancing 
manias, in which self-transcendence through herd- 
poisoning was combined with self-transcendence 
by gymnastic means and self-transcendence through 
repetitive music. One thinks of the wild religious 
revivals, the frantic stampedes of those who believed 
that the end of the world was at hand, the frenzies 
of iconoclasm in the name of God, of senseless de- 


bad 
the 


struction for These are 


righteousness’ sake 
enough: but there is something much worse 
crowd-intoxication that is exploited by the am- 
bitious rabble-rouser for his own political or re 
ligious ends. 

In the spring of 1954, while I was staying at 
the Suez Canal, | 


hosts to the local movie theater. 


Ismailia on was taken by my 
The film, which 


Julius 


played in English, but with Arabic subtitles. The 


was drawing record crowds, was Caesar 
spectators sat in spellbound attention, their eyes 
riveted on the screen. Why on earth, I kept wonder- 
ing, should 20th-century Arabs be so passionately 
interested in a 16th-century Enelishman’s account 
of events that had taken place at Rome in the first 
century B.c.? And suddenly it was obvious. Caesar, 
Brutus, Antony, all those upper-class politicians 
the 


flattering and exploiting a proletarian mob which 


fighting for power and in process cynically 


they despised but could not do without, were 


thoroughly familiar and figures to 


the Egyptian audience. What had happened in 


contemporary 


Rome just before and: after Caesar’s murder was 
very like what had been happening only a few 
weeks before in Cairo, when Naguib fell, rose again 
in triumph, and was once more brought low by a 


rival who knew how to play on the passions of the 











crowd, how to make use of its drunken enthusiasm 
and drunken violence for his own purposes. Look- 
ing at Shakespeare’s play, the movie-goers of 
Ismailia found themselves looking at an uncensored 
report on the latest coup d’état. 

Of course, the greatest virtuoso in the art of 
exploiting the symptoms of herd-poisoning was 
Adolf Hitler. The Nazis did their work with sci- 
entific thoroughness. All the resources of modern 
technology were mobilized in order to reduce the 
greatest possible number of people to the lowest 
possible state of downward self-transcendence. 
Phonographs repeated slogans. _Loud-speakers 
poured forth the brassy and strongly accented 
music, whose repetition drives people out of their 
minds. Concealed sound machines produced sub- 
sonic vibrations at the critical, soul-stirring rate of 
14 cycles per second. Modern methods of trans- 
portation were used to assemble thousands of the 
faithful under the floodlights in enormous stadiums, 
and the voice of the arch-hypnotist was broadcast 
by radio to millions more. 

“Bliss was it in that dawn to be alive.” So wrote 
Wordsworth of his experience of herd-poisoning in 
the first, joyful months of the French Revolution. 
In our own time, millions of men and women and 
millions of enthusiastic boys and girls have had a 
similar experience. For the herd-poisoned members 
of the mobs that are used for the making of revolu- 
tions and the buttressing of dictatorial power, the 
dawn even of Nazism, even of Communism, seems 
blissful. Unfortunately, dawns are succeeded by 
laborious and often unpleasant days and evenings. 
In those later hours of revolutionary history, bliss 
is likely to be conspicuous by its absence. But at the 
moment of sunrise, nobody ever thinks of what 
is likely to happen in the afternoon. Like alco- 
holics or morphine addicts, the victims of herd- 
poison are interested only in releasing self-tran- 
scendence here and now. “After me the deluge,” is 
their motto. And, sure enough, the deluge punctu- 


ally arrives. 


Partial Solutions 


From the history of tension let us turn, in con- 
clusion, to the present and the future. It is clear, 
I think, that the problem of tension will be com- 
pletely solved only when we have a perfect society 

that is to say, never. Meanwhile, it always re- 
mains possible to find partial solutions and tem- 
porary palliatives. Let us consider a few practical 
steps that would be fairly easy to take. 

First of all, we might incorporate into our 
present profoundly unsatisfactory and disappoint- 


ing system of education a few simple courses in the 
art of controlling the autonomic nervous system 
and the subconscious mind. As things now stand, 
we teach children the principles of good health, 
good morals, and good thinking, but we do not 
teach them how to act on these principles. We urge 
them to make good resolutions, but we do nothing 
whatever to help them to carry these resolutions 
into practice. 

A main source of tension is the consciousness of 
miserably failing to do what we know we ought to 
do. If every child were given some training in what 
Hornell Hart has called autoconditioning, _ it 
would do more for general decency and good feel- 
ing than all the sermons ever preached. The next 
step to be taken is prophylactic in character. Hu- 
man beings pine for self-transcendence, and getting 
drunk on herd-poison is one of the most effective 
methods of taking a holiday from insulated self- 
hood and the burdens of responsibility. As long as 
they indulge in crowd-intoxication at football 
games and carnivals, at revival meetings and the 
rallies of democratically organized political parties, 
no harm is done. But we must never forget that the 
spellbinders, the rabble-rousers, the potential 
Hitlers are always with us. We must never forget 
that it is very easy for such men to turn an innocent 
orgy into an instrument of destruction, into a 
savage, mindless force, directed to the overthrow 
of liberty. To prevent them from exploiting crowd- 
intoxication for their own sinister purposes, we 
must be perpetually on our guard. 

Whether a world inhabited by potential Hitlers, 
on the one hand, and potential herd-poison addicts, 
on the other, can ever be made completely safe for 
rationality and decency seems doubtful, but at 
least we can try to make it a little safer than it is 
at present. For example, we can give our children 
lessons in the elements of general semantics. We 
can tell them about the frightful dangers of in- 
tellectual sin, we can make their flesh creep by a 
recital of the disastrous consequences to societics 
and to individuals of the rabble-rouser’s oversimpli- 
fication, overgeneralization, and overabstraction. 
We can remind them to live in present time and to 
think concretely and realistically, in terms of ob- 
servable fact. We can unveil the absurd and dis- 
creditable secrets of propaganda and illustrate our 
lectures by examples drawn from the history of 
politics, religion, and the advertising industry. 

Would such training be effective? Perhaps—or 
perhaps not. Herd-poison is a very powerful in- 
toxicant. Once they get into a crowd, even upright 
and sensible men are likely to lose their reason and 
accept all the suggestions, however nonsensical or 
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however immoral, that may be given them. All we 
can hope to accomplish is to make it rather harder 
for the rabble-rouser to do his nefarious work. 

The third step that we have to take will, in fact, 
be taken, whether or not we like it. Once the seeds 
of a science have been planted, they tend to sprout 
and develop autonomously, according to the law 
of their own being, not according to the laws of 
our being. Pharmacoiogy has now entered upon a 
period of rapid growth, and it seems quite certain 
that in the next few years scores of new methods 
for changing the quality of consciousness will be 
discovered. As far as the individual human being 
is concerned, these discoveries will be more im- 
portant, more genuinely revolutionary, than the 
recent discoveries in the field of nuclear physics 
and their application to peacetime uses. 

If it does not destroy us, nuclear energy will 
merely give us more of what we have already 
inexpensive power, with its corollary of more 
gadgets, larger irrigation projects, more efficient 
transportation, and so forth. It will give us these 
things at a very high price-—an increase in the 
amount of harmful radiation, with its corollaries 
of harmful mutations and a permanent fouling of 
man’s genetic pool. But the pharmacologists will 
give us something that most human beings have 
never had before. If we want joy, peace, and loving 
kindness, they can give us loving kindness, peace, 
and joy. If we want beauty, they will transfigure 
the outside world for us and open the door to 


visions of unimaginable richness and significance. 
If our desire is for life everlasting, they will give 
us the next best thing—eons of blissful experience 
miraculously telescoped into a single hour. They 
will bestow these gifts without exacting the terrible 
price which, in the past, men had to pay for resort- 
ing too frequently to such consciousness-changing 
drugs as heroin or cocaine or even that good old 
stand-by, alcohol. 

Already we have at our disposal hallucinogens 
and tranquilizers whose physiological price is amaz- 
ingly low, and there seems to be every reason to 
believe that the consciousness-changers and tension- 
relievers of the future will do their work even 
more efficiently and at even lower cost to the in- 
dividual. Human beings will be able to achieve 
effortlessly what in the past could be achieved 
only with difficulty, by means of self-control and 
spiritual exercises. Will this be a good thing for 
individuals and for societies? Or will it be a bad 
thing? These are questions to which I do not know 
the answers. Nor, I may add, does anyone else. 
The outlines of these answers may begin to appear 
a generation from now. Meanwhile, all that one 
can predict with any degree of certainty is that 
many of our traditional notions about ethics and re- 
ligion and many of our current views about the 
nature of the mind will have to be reconsidered and 
reevaluated in the context of the pharmacological 
revolution. It will be extremely disturbing: but it 


will also be enormous fun. 


Tranquilizer 


Our cover this month shows crystals of Serpasil, a form of reserpine, 


in a photomicrograph, magnified hundreds of times their actual size. Pure 
reserpine has the empirical formula C,,H,,N,O, and is obtained from 
Rauwolfia serpentina, a pink-blossomed plant that grows about 2 feet high 
with long, snakelike roots. Serpasil is one of the tranquilizing drugs, which 


Ss 


are now widely used in the treatment of mental disturbances and hyper- 
tension. It is manufactured by Ciba Pharmaceutical Products, Inc., Sum- 


mit, New Jersey. 
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chological Association at Chicago, in 1956 


I has been estimated that the value of all com- 

mercial and sports fisheries to the economy of 

the state of Washington approximates $100 
million annually, with the salmon fishery contrib- 
uting nearly half of this total. ‘The value of the 
salmon spawned in the Columbia River system each 
year may exceed $17 million. The future of this 
natural resource is now threatened by increased 
competition for the water of these rivers for power 
and irrigation and for industrial and personal uses. 
Even flood control may be a detrimental factor 
under some conditions, for in common with nearly 
all plans for the control and utilization of water, it 
involves the construction of dams, and dams block 
the passage of fish. 

Several reasonably successful methods (fish lad- 
ders, fish elevators, and tank trucks) have been de- 
vised for helping the adult salmon move upstream, 
past dams (Fig. |). The construction costs of these 
fish facilities at eight major Corps of Engineer 
projects, either completed, under construction, or 
authorized, in the Columbia River Basin are esti- 
mated to be about $130 million. The operation and 
maintenance costs for these same projects would 
approximate $1 million annually (/). The Corps 
of Engineers has been concerned with the magni- 
tude of these costs because there have been no defi- 
nite criteria for the adult fish facility requirements, 
and no provision has yet been made for the con- 
struction of any facilities for the young, down- 
stream migrants. Since all Pacific salmon die soon 
after spawning, it is essential that their offspring 
be guided safely past the dams on their journey to 
the sea, if the race is to survive. 

To facilitate the search for possible solutions, a 
special fish-behavior laboratory at the University 
of Washington School of Fisheries has been utilized, 
under provisions of a contract between the U.S, 
Army Corps of Engineers and the university, for 
experimental studies of methods for the control of 


10 


movement of downstream migrant salmon and 
steelhead trout. An interdisciplinary research team 
composed of biochemists, biologists, electrical and 
hydraulic engineers, mathematicians, physiologists, 
and psychologists is investigating these problems, 
with the cooperation of various state, national, and 
international fisheries organizations. 


Magnitude of the Problem 


It has been estimated that from 10 to 35 percent 
of the young, downstream migrants may be injured 
or destroyed at dams on the Elwha, depending on 
whether the fish go over the spillway or through 
the turbines. The type of spillway and the head on 
the turbines seem to be the determining factors in 
establishing their respective mortality rates. For ex- 
ample, a 180-foot free fall resulted in no mortality 
at one dam, but a 100-foot contained spillway at 
another killed 37 percent of the fingerlings. Similar 
turbines at the two dams were operated under ap- 
proximately the same settings, but the one with 
the higher head had 33-percent mortality as op- 
posed to no noticeable mortality for the other (2). 
In another case, at a 250-foot-high dam, a sliding 
spillway of the conventional type killed an esti- 
mated 64 percent, and the turbines, 34 percent of 
the young sockeye salmon. There has been a de- 
cline of 55 percent in the sockeye salmon run on 
this river since the dam was constructed (.3). It is 
evident that any increase in the number of such 
dams on a river system constitutes a serious menace 
to the salmon which spawn in it. 

There are at least two approaches to the solution 
of this problem. One, the short-term and probably 
more expensive method, involves fundamental 
changes in the engineering design of spillways and 
turbines at dams which are not yet constructed, as 
well as the modification of those now in existence, 
to make them safe. The other involves the dis- 
covery of effective methods for guiding the fish to 
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designated sate areas. As an example of the first 
approach, the findings from two recent studies sug- 
gest that the mortality suffered by small salmon and 
trout at certain dams might be materially reduced 
by changing the design of the spillway. A  “ski- 
jump” spill on a 250-foot dam (4) reduced the 
mortality from 64 percent to 17 percent, and a 300- 
foot free-fall from a helicopter into a rearing pond 
J) resulted in about 5-percent mortality for salmon 
and trout less than 6 inches long (Fig. 2). The 
necessity for these structural changes will be ob- 
viated with the construction of large storage dams 
capable of controlling the seasonal flow in a river 
system, so that no water is lost over the spillway. 
Under this latter condition, as today, it would be 
necessary to control the behavior of downstream 
migrant salmon so that they could be guided into 
a relatively small area in the forebay and then 
transported past the dam in some as yet unde- 
termined manner. 


Nes 
ied 3 





Methods of Guidance 


When this research (6) was authorized, in 
1952, the only method of downstream guidance 
which had gained general acceptance was some 
form of mechanical screen, and these screens were 
not practical for use in large rivers. Prior to the 
time that large cylindrical rotating screens were 
first used, it was estimated that a majority of the 
young salmon of certain rivers died in the irrigated 
apple orchards and ranches of eastern Washington. 
Since introduction of the screens, there has been 
a significant increase in abundance of adult fish 
returning to these same rivers. Installations which 
were constructed several years ago to screen a spe- 
cific volume of water have been found inadequate 
after the flow was increased, especially where the 
water is muddy or loaded with white rock that has 
been so finely pulverized by the glaciers that it is 


carried in suspension (glacial flour). For example, 


Fig. 1. Assisting adult migrants around dams. (Top) Th’s pool and overfall fishladder is one of the oldest types 
used to he:; adult upstream migrants around a low dam such as that on the left. The fish jump over a succession 


of 12-inch falis until they have climbed to the level of the water above the dam 


Bottom) At high dams the adult 


migrants may be caught in special traps below the dam aad hoisted to the top as in an elevator. At some locations 
these traps may b* emptied into specially aerated tank trucks and the fish then hauled above two dams in a single 


trip. 
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from 50 to 75 percent of all chinook and silver 
salmon less than 1 year old were observed to ride 
over rotating screens on the White River diversion 
(7). At today’s prices, the construction of a battery 
of similar screens might exceed $250,000. 

A number of other methods of guiding down- 
stream migrants have been described in the litera- 
ture. ‘These include the use of curtains, made by 
hanging strands of chains or cables in the water, 
of air bubbles rising from the bottom of the stream, 
of constant and intermittent lights of various wave- 
lengths, of chemicals (both volatile and nonvola- 
tile) (8, pp. 1-65; 9-11), of air and water vibra- 
tions of different frequencies (/2, 13), of louvers 

14), and of a wide variety of alternating-current 
and direct-current electric shocking devices (3, 8, 
15, 16). None of these have been successfully 
standardized. 

Although there are frequent references to the 
sensory abilities and learning behavior of fish, very 
few of these studies are concerned with fish that 
have any commercial importance, and still fewer, 
with anadromous salmon. Previous experience has 
shown that it is not possible to generalize safely 
from the behavior of other marine fish to salmon. 
The various species of salmon native to the Colum- 
bia River start their downstream journey at dif- 
ferent ages and sizes, and the adult upstream mi- 
gration overlaps portions of the downstream migra- 
tion. Since no stimulus was known which evoked 
similar response patterns in all species and sizes 
of migrants, it became necessary to choose between 
various sensory-motor responses and select, for 
extended study, those which seemed to offer the 
greatest promise of success. If it could be shown 
that young salmon and steelhead trout possessed 
certain behavior patterns which were invariably re- 
leased in the presence of specific stimuli and that 
these stimuli were not detrimental to adults, then 
proper control of the conditions under which. the 
stimuli were presented might permit utilization of 
these unlearned responses in guiding the migrants. 
The avoiding reaction to light (negative photo- 
taxis) seemed to be a good place to start. 


Importance of Vision 


It has been observed that, in clear water, down- 
stream migrants travel primarily at night and are 
found in the top 15 feet of water. They tend to 
hold position in the daytime by congregating near 
the bottom or by sinking to the gravel along the 
banks. They can be readily displaced downstream, 
in the daytime, by muddying of the water, even 
though the velocity is not increased. The impor- 





tance of the visual modality was further demon- 
strated in the first formal experiment of this series 
when a total of 568 fish from three age groups and 
four species of Pacific Coast Salmonidae [silver, 
chinook, and sockeye salmon and steelhead trout 
(Oncorhynchus kisutch, O. tshawytscha, O. nerka, 
and Salmo gairdnerii) | were tested in a two-choice 
discrimination apparatus, during the daytime and 
at night, to determine the response to a chain 
barrier hung in still water. When the strands of 
safety chain were not more than 2.5 centimeters 
apart, 66 percent of the fish were deflected in the 
daytime and 56 percent at night, while the channel 
with the slightly higher level of illumination de- 
flected 89 percent. Light was significantly more 
effective than chains in controlling the behavior 
of these salmon (/7). 

Because the closely spaced chain barrier had 
not proved effective in still water, further work with 
it was abandoned in favor of a thorough investiga- 
tion of the unexpectedly high efficiency of light as 
a guiding agent. An attempt was next made to 
guide young chinook, silver, and sockeye salmon 
and steelhead and cutthroat trout (Salmo clarkii) 
with various intensities of light without putting any 
gear in the water. Under these conditions 90 per- 
cent of more than 1000 young Salmonidae were 
successfully deflected into the dark raceway chan- 
nel by means of an angled barrier of light from a 
variety of sources. Even in the daytime, a large 
proportion of the fish would avoid the channel 
on the bottom of which a white metal plate had 
been placed, and the percentage of deflection was 
increased when a 100-watt electric lamp was turned 
or above it (/8). 

A survey of the literature has revealed no general 
agreement concerning the response of young salmon 
to light. For example, Erickson (1/9), McKernan 
(20), and Fry (21; 22, pp. 301-332) have reported 
that lights attract certain sizes and species of 
salmon. But when the same method of trapping 
was used in another stream, it was abandoned after 
a few nights when it became evident that the 
catch would not exceed 10 to 20 salmon per hour 
(22, p. 306). Lethlean (/6) and Kerr (23) have 
stated that the behavior of certain species and 
sizes of salmon was not affected by the lights. Hoar 
(24) observed “cover reactions” and “photosensi- 
tivity” in young salmon and assumed that both 
depth preference and cover reaction might be re- 
sponses to light. Andrew, Kersey, and Johnson 
(8, p. 8) have obtained inconsistent results with 
yearling sockeye at Cultus Lake (these results de- 
pended on how the lights were used) but, in gen- 
eral, report that the migrants were attracted to the 
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lioh:;, Their experiments were limited in number’ migration of young sockeye from the same lake 
because “only on a few occasions did the migration — stated: “Since the migrants arrived at the counting 
occur during periods of darkness.” However, fence during the night, they were normally counted 


Foerster’s earlier report concerning the seaward _ the following day” (25). 





Fig. 2. Studying downstream migrant mortality. (Top left) Young salmon using the ski jump on the downstream 
face of a high dam were shot out into space and fell free into a pool. They had much better survival rates than 
the migrants that used the sloping concrete spillways. (Top right) Young salmon migrants dropped from a heli- 
copter had a very high survival rate. [Courtesy Washington State Department of Fisheries] (Bottom left) Most 
irrigation and power canals are now protected by some kind of screening device. Here the cylindrical rotating screens, 
each 10-feet in diameter, are constantly turned by water-wheel paddles. As they revolve, leaves and other material 
lodging against the upstream side are carried up and washed off on the downstream side. The young downstream 
migrants cannot swim through the screen mesh and do not ride over at low water levels. They eventually swim 
back to the river through large tubes located on each bank of the canal. (Bottom right) Young salmon impinged 
on the rotating screen in high turbid water are carried on over and lost. 
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Prior to the start of the University of Washington 
research program, a progress report by Brett and 
MacKinnon (9) was the only study which sug- 
gested that lights might be used to deflect migrat- 
ing salmon. Their subsequent paper (/0) described 
the use of constant and flashing lights and bubbles 
in an attempt to deflect young spring chinook 
salmon and cutthroat and Kamloops trout. They 
reported that flashing light was very effective in 
deflecting young chinook but that data for the 
last two species were not significantly different from 
chance. In a recent study with sockeye salmon, 
Brett and Alderdice reported: “Bright artificial 
lighting at night did not provide better deflection 
than no lighting” (26, p. 18). Warner (/3) has 
stated that when sound and air-jets were used at 
night without any light, no deflection was obtained. 
The principal obstacle to an evaluation of these 
studies is the lack of vital information concerning 
the actual light conditions in effect during the 
experiments. 

In an attempt to resolve some of these con- 
flicting findings, a study (27) with more than 1500 
fish was undertaken in which the size range was 
extended from fry that had recently emerged from 


the gravel (28) to fingerlings that were considerably 


past their migratory period. To check on the possi- 
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Fig. 3. Distribution of silver salmon in aquarium with 
respect to position of the light source. In complete dark- 
ness the fish are approximately evenly distributed from 
top to bottom and from left to right. (Top left) When 
a bright light was turned on over the left side of the 
aquarium, young silver salmon quickly swam to the lower 
right-hand quadrant. (Top right) After the back of the 
aquarium was covered with black and white metal plates, 
the fish swam to the lower right quadrant in front of 
the black plate when the light was turned on over the 
left side. (Bottom left) When the light was moved to the 
right side, the fish swam to the lower left quadrant in 
front of the white plate, thus demonstrating a direct re- 
sponse to the light and not to the background. 


bility of there being species differences in response 
to light, all five species of Pacific salmon and steel- 
head trout were investigated. ‘The sounding and 
lateral displacement of these young hatchery-raised 
or wild fish in response to the direct rays from 
electric lamps placed over and adjacent to the two 
ends of a glass front aquarium were analyzed (Fig. 
3). In general, all species of downstream migrants 
showed a statistically significant preference for the 
darker portion of the light gradient. There was 
some evidence that chinook fry reared inside a 
hatchery had been conditioned to approach the 
light as a result of the feeding routine. The aggre- 
gation in the beam of a flashlight exhibited by some 
fry and fingerlings was related to the previous 
level of light adaptation. 

Wild pink (Oncorhynchus gorbuscha) and 
chum (QO. keta) downstream migrant salmon that 
were brought to the laboratory for testing displayed 
a significant sounding response but no consistent 
lateral movement away from the light source. Neave 
has reported that these fish avoid light and do 
not emerge from the gravel until dark (29). The 
light-avoiding response was not always present in 
the early development stages of hatchery silvers 
and chinooks; at times they showed a definite at- 
traction toward a dim light. When compared with 
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hatchery-reared fry, wild silver and wild chinook 
fry displayed a more consistent pattern of light 
avoidance, although both would gather in a dim 
flashlight beam after adaptation to a very bright 
light. Wild steelhead trout and silver, chinook, and 
sockeye salmon that were trapped at the peak of 
their individual downstream migrations and 
brought to the laboratory for testing avoided the 
brightest part of the light gradient almost  per- 
fectly under all test conditions. 

The most nearly universal response displayed 
by all sizes and species of salmon and trout tn still 
water was the avoiding of light. It seemed that the 
behavior of these fish 
brightly illuminating the area they were supposed 
to avoid and darkening the area they were ex- 


might be controlled by 


pected to use, 


Factorial Studies in Moving Water 


With the completion of the Fish Behavior Labo- 
ratory at the University of Washington and stand- 
ardization of an experimental flume (Fig. 4), it 
became possible to undertake a series of factorially 
designed experiments in which general illumina- 
tion, velocity, depth, and temperature of the water, 
the intensity of lights in the barrier, and the angle 
at which different light barriers were placed to the 
the first time 
(30). Tests were made of the reactions of 90 dif- 


water-current were controlled for 
ferent groups of 25 hatchery-reared, yearling silver 
salmon to a light barrier in every combination of 
three angles and three brightness levels, in water 
with three depths and four velocities. Fish which 
entered the lighted areas were considered guidance 
failures. The analysis of variance for the different 
experiments disclosed the following significant re- 
sults: (1) The smaller the angle of the barrier to 
the current, the smaller the number of fish that 
entered the lighted area. (ii) Fewer fish entered 
the lighted area as the light intensity was increased. 
(iii) Velocity had the most distinct effect of any 
the 
lighted area increased with the velocity of the 


of the factors; the number of fish found in 
water. (iv) The difference between 3 and 24 inches 
of depth did not have any significant effect in the 
clear water of the flume. 

Because of the small size of the experimental 
flume, the fish might have been able to avoid the 
light barrier, since they had to move not more than 
3 feet laterally while the current was carrying them 
12 feet downstream, whereas in a practical field 
situation they might be called on to maintain this 
same speed for a much greater distance. It became 
desirable, therefore, to obtain some measure of the 
swimming ability of the fish over an extended 
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Fig. 4. Experimental flume from downstream end. The 
15° light barrier is set to guide from the right to the left 
side 


period of time. ‘The swimming ability of immature 
silver salmon was measured in the experimental 
flume by two methods: (i) measurement of the 
total time spent in the flume by a fish before it was 
swept downstream and eventually flattened with 
its side against the stationary, vertical wire screen 
and was held there by the force of the water for 
10 consecutive seconds (impinged) ; (ii) measure- 
ment of the total time spent in the flume by a fish 
before it was swept over the falls at the downstream 
end, across the inclined plane trap, and into the 
live-box. 

The first method probably was the better meas- 
ure of severe fatigue under strong motivation. An 


average of 35 percent of the fish were still swim- 
ming after 15 hours of continuous exposure to a 
minimum 


nominal velocity of 3.4 feet pel second 


measured velocity of 1.6 feet per second in crests 


of standing waves). The second method may be as 
much a measure of motivation as of physical fa- 
tigue. All fish were displaced 24 feet downstream 
in less than 15 minutes, with a nominal velocity of 
3.9 feet per second (minimum measured velocity 
When a 20°-angled light 
foot-candles of illumination 


of 5.0 feet per second 
barrier with 90 was 
introduced in one-half of the flume, 80 percent of 
the fish were able to avoid this side and were im- 
pinged on the retaining screen or were displaced 
over the falls in the dark (3/ 

Not all species of downstream migrants move 


to the sea at the same time, nor are they all the 








| 
| 
| 
| 
| 
| 





same size at the start of the migration. It was im- 
portant to know whether there were any significant 
species differences in the manner of responding to 
a guiding light barrier. Therefore, a total of 72 
groups, cach containing 50 yearling steelhead trout 
or chinook or silver salmon with average fork- 
lengths of 144, 125, and 110 millimeters, respec- 
tively, were tested in a factorial study with light 
barriers, where the angles of the barrier were 90 
blocking) and 20° (guiding) and the fevels of 
illumination were 0.31 and 40.0 feot-cand'es, in 
water velocities of 0.57 and 3.90 feet per second. 
The fish that passed under, or were swimming in, 
the lighted area of the experimental flume were 
considered guidance failures. 

The data were studied by the analysis-of-vari- 
ance technique. All primary factors were significant 
at the .OO1 probability point. The effectiveness of 
the light barrier was greatest at the lowest barrier 
angle, the lowest water velocity, and the highest 
level of illumination. There was a significant species 
difference; steelhead were found to be the most 
sensitive and chinook, the least sensitive to light. 
An additional 27 groups of all three species were 
tested in three intermediate velocities, and the 
number of failures increased as the velocity in- 
creased, although not in the same ratio. The silver 
salmon were always superior to the chinooks, in 
spite of the latter’s greater size (32). 

One particular weakness is frequently encoun- 
tered with rotating screens in irrigation and power 
canals, especially where fish cannot readily find 
the bypass and where the water level rises above 
the middle of the screen. Under these conditions the 
migrants swim ahead of the screens until they no 
longer have the energy required to stay free of the 
wire mesh. ‘They are then flattened against the out- 
side cover of the rotating cylinder, and the higher 
the water extends above the radius of the screen, 
the easier it is for the fish to be carried over the 
top and be lost (7). 

An experiment was designed to investigate the 
relation between amount of illumination and swim- 
ming time before impingement (33). A total of 12 
groups, each containing 100 ye. -plus steelhead 
trout or chinook or silver salmon, were tested under 
four light conditions in an experimental flume with 
velocities of 3.0 feet per second for 45 minutes and 
4.0 feet per second for the next 15 minutes. The 
time at which each fish was impinged on the 
14-inch wire mesh screen at the downstream end 
of the flume was recorded. The four lighting con- 
ditions were: (i) 20°-angled light barrier on one- 
half of the flume, (ii) 90° blocking light barrier 
across both sides of the flume, (iii) all light, and 
(iv) all dark. 
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Steelhead were found to be least, and chinook 
most, dependent on the light cues to avoid im- 
pingement. ‘The 90° light barrier and over-all 
light were about equally effective in keeping chi- 
nooks and silver salmon off the screen. The 20°- 
angled barrier was successful in deflecting a sig- 
nificant proportion of all three species into the 
dark channel after they were fatigued, where they 
were eventually impinged. 

In applying these findings it would seem that 
lighting the screens and the area immediately up- 
stream from them or, better yet, the use of an 
angled light barrier leading directly to the bypass 
should reduce losses over the rotating screens. The 
results of these studies (30-33) point to the neces- 
sity of setting the angle of the light barrier to the 
water flow in accordance with the swimming ability 
of the weakest or least strongly motivated migrant. 

Because significant guidance had not been ob- 
tained with the chain barrier in still water, the 
experiment was repeated in the experimental 
flume, with flowing water (34). A total of 48 
groups, each containing 50 yearling steelhead trout 
or chinook or silver salmon, were tested for guidance 
with a chain barrier in a factorial study where the 
strands of chain were spaced | and 4 inches apart 
and the angles of the barrier were 90° (blocking) 
and 32° (guiding), in water velocities of 0.79 and 
1.67 feet per second, with respective depths of 
0.60 and 0.45 feet. Significant guidance was not 
achieved. ‘This confirmed the earlier report of the 
ineffectiveness of hanging chain barriers (/7). 
More steelhead than chinook, and more chinook 
than silver salmon, were found behind the chain 
barrier. (These constituted guidance failures.) 


Response of Adult Migrants 


The young of all five species of Pacific salmon 
(genus Oncorhynchus) and of two species of trout 
(genus Salmo) had demonstrated a significant 
avoidance response to areas of bright, artificial 
illumination. Whether adult upstream migrants 
would show a similar negative phototropic response 
was also investigated (35, 36). A 64-foot, covered 
approach to the University of Washington fish- 
ladder was wired so that eight equally spaced 100- 
watt electric lights underneath the plywood panels 
could be illuminated on alternate nights (from 
5 P.M. to 8 A.M.) during the adult salmon runs. 
The number of adult sockeye, chinook, and silver 
salmon ascending the ladder was recorded twice 
daily. 

All species displayed a statistically significant 
preference for entering during the night over en- 
tering during the day and for dark nights over 
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light nights. (There were 41 sockeye returns on 
dark nights, one on light nights, and none in the 
daytime.) Sockeye were significantly more sensitive 
to light than either silver salmon or chinooks: 
there was no significant difference in response be- 
tween the latter two species. It was concluded that, 
under the conditions of these experiments, both 
young downstream and adult upstream salmon mi- 
grants displayed a consistent avoiding response to 
artificial lights, which might be exploited in guiding 
them into desired channels. 

These results with adult sockeye tend to support 
the earlier observations made by Ward on _ the 
Skagit River (37), but do not agree with those 
reported by Neave for coho and spring salmon on 
the Cowichan River (38). They are also in dis- 
agreement with the general picture of adult migra- 
tion through the fishladder at Bonneville Dam, first 
presented by Holmes and Morton (39) and re- 
peatedly verified since that time. The bases for the 
different behavior patterns are not known. 


Field Validation 
The next logical step was the validation of the 


light barrier in a field-guiding situation with wild, 
downstream migrants (40). An experimental site 
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Fie. 5. Light barriers used in Minter Creek validation 


tudics Top left) Unshaded light barrier from up- 
stream. guiding to the nonpreferred bank Top right 
Light barrier from downstream side, lights shaded from 
approaching fish. Traps shown below dam in most effec- 
tive position (not used during formal experiment). (Bot- 
tom left) Enclosed barrier to give a lighted rectangle | 


foot wide and 40 feet long. Second short barrier shows 


at the right. In supplementary experiments the enclosed 


multiple light barriers were shown to be the most effec 


tive. 


was prepared on Minter Creek above the influence 
of the Biological Station’s weir pond (Fig. 5). ‘The 
entire flow was screened, and the fish were caught 
in four mesh traps. A light barrier, 40 feet long, 
was pivoted from the center of the stream and 
was switched on, on alternate nights to guide fish 
into the number | trap, on the right bank, or the 
number 4 trap, on the left bank. The angle of the 
barrier was 35° to the line of current. Each side 
of the barrier was equipped with two sets of ten 
equally spaced lamps, one of 200 watts and the 
other of 25 watts. The order in which the various 
conditions were presented was balanced so that, on 
any one night, there was one dark, one 200-watt, 
and one 25-watt, 1-hour period in which the light 
was shaded from the approaching fish and beamed 
in a downstream Ccirection, and there was also one 
dark, one 200-watt, and one 25-watt period in 
which the lights faced upstream. Each combination 
of conditions appeared an equal number of times 
at each hour of the night. Each condition appeared 
before and after every other condition, two dif- 
ferent times. 

The formal experiment was run for six nights, 
thereby permitting duplication of identical light- 
level sequences at the same hours but with lights 
shining in opposite directions and with the barrier 
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angled to the opposite bank. The data were gath 
ered during a 10-day interval in which the down 
stream migration of silver salmon was increasing. 
Analy is of the data has revealed the following 
statistically sienificant results. (1) With all othe: 
factors partialled out, there was a definite guiding 
effect between traps, as the result of the lighted 
barrier, (ii) ‘There was no difference in the total 
scores for the different light) directions (shining 
downstream or upstream). (iit) ‘The distribution of 
scores: among traps was not related to levels of 
illumination. (iv) There were differences in’ the 
guiding effectiveness of two-term sequences of levels 
of tllumination. (v) ‘The light barrier reduced the 
number of fish which were trapped as compared 
with those trapped in an equal number of dark 
Phere was no difference in the effec- 


periods (Vl 
tiveness of guidance with light barriers for hatchery 
reared silver salmon, which had been planted in 
Minter Creek at 3, 6, 9, or 12 months of age, and 
for the wild silver migrants. (vil) ‘The distribution 
of wild steclhead and cutthroat trout trapped with 
the downstream migrant. silver salmon also” re 
vealed significant guidance by the light barrie 

In a series of one-night exploratory studies, it 
was shown that the effectiveness of the light barrie: 
could be significantly increased by minor modifica- 
tions of the installation. (i) ‘There was a gradual 
reduction in the effectiveness of the light: barrie: 
as the period of continuous high illumination (with 
200-watt or 25-watt bulbs) was lengthened. ‘This 
gradual reduction was not apparent when 7'2-watt 
bulbs were used, although they did not completely 
eliminate the blocking. (ii) The use of an 8-foot 
light barrier, downstream from the 40-foot barrier, 
with 7'/-watt bulbs, increased the number of fish 
guided, without any change being made in the 
position of the positive trap, ‘The use of multiple 
barriers is suggested. (iii) The guiding effectiveness 
of a rectangle of light 40 feet long and 1 foot wide 
directly underneath the barrier seemed to be equal 
to that obtained when the entire area behind or 
in front of the barrier was illuminated, 

On a number of occasions more migrants were 
trapped in the first 15 minutes after the lights were 
turned off in the barrier than had been trapped 
during the preceding 3 or 4 light hours. This was 
possible because the fish were able to swim against 
the current and hold position upstream from the 
lights. It was assumed that if the velocity were 
increased to a point where the migrants could not 
swim against the current, they might still be able 
to sheer off from the angled light barrier and be 
successfully guided. With 200-watt lamps burning 
in the barrier for 4 consecutive hours, it was possible 
to guide 78 percent of all the fish to the trap 
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farthest to the left of the four (on the preferred 
side). When the position of the barrier was shifted, 
with 74%4-watt lamos burning for 4 consecutive 
hours, 71 percent were guided to the right-hand 
trap on the nonpreferred side. 

The installation was later modified in an attempt 
to guide a release of 16,000 small, hatchery-reared 
chineols against their preference with continuous 
25-watt downstream illumination of the barrier. 
In general, the results confirmed those obtained 
with the silver salmon. Statistically and practically, 
significant guidance was achieved in moderately 
clear water with light barriers which did not put 


any gear beneath the surface (40). 


Related Problems 


Flashing lights. Vhe possible relation of several 
other factors to successful guidance has been in- 
vestigated. It has been claimed that a flashing light 
is more effective than a constant light in guiding 
downstream migrants (/0), ‘This question was 
investigated in the behavior laboratory with 1400 
fish (47). By means of a 40-foot-candle light 
barrier set at an angle of 20° to the direction of a 
2-feet-per-second flow of water, it was possible to 
guide statistically significant numbers of yearling 
silver salmon, released from the right side, across 
three-fourths of the width of the experimental flume 
to a channel on the left side. ‘There were seven 
light conditions, with cight balanced replications 
of groups of 25 fish per condition in the experi- 
mental design. 

When the differences were tested by chi-square, 
it was found that the distribution in the traps in 
the dark was significantly different from an as- 
sumed equal chance distribution. (‘The migrants 
were swept out of the flume along the side on 
which they were introduced.) When the dark dis- 
tribution was compared with that under the con- 
stant light barrier, the difference was highly sig- 
nificant; in the latter case, many migrants swam 
to the opposite side. The guiding effectiveness of 
lights flashing at the rate of 'g second on and 'g 
second off, 44 second on and 4 second off, and 2 
second on and 2 second off was not significantly 


* 


different from the effectiveness of constant light. 


Lights flashing at 44 second on and 34 second off 


and Ye second on and 7% second off were. sig- 
nificantly less effective than the constant light 


(P< .01 and < .001, respectively). When the 


peak level of illumination was held constant, the 
average swimming time in the flume was positively 
related to the “on” time of the lights, with dark- 
ness at the lower extreme and constant light at 


the other. 
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Adaptation level. It was thought to be quite pos- 
sible that the effectiveness of a light barrier might 
be dependent on the level of retinal adaptation at 
any given moment. An investigation of the effect of 
three levels of light adaptation upon the guiding ef- 
fectiveness of an 8-foot-candle light barrier, with 16 
groups of 25 young silver salmon, disclosed these 
results. (i) Control fish, adapted in the dark and 
tested when the barrier was dark, were all swept 
out of the flume in the first minute. (ii) Five min- 
utes of light adaptation to 100 foot-candles, fol- 
lowed by a test with the 8-foot-candle barrier, gave 
slightly better swimming time performance but lit- 
tle guidance, (iii) Adaptation in the dark, followed 
by a test to the 8-foot-candle barrier, gave the same 
swimming time as with adaptation to 8 foot-candles 
followed by a test to a light barrier of the same 
intensity, but guiding effectiveness was best under 
the latter condition (42). 

A more intensive investigation of the role of light 
adaptation on negative phototaxis was completed 
with 84 groups of 25 yearling salmon (43). In this 
study, the intensity of the 20°-angled light barrier 
was held at 10, 20, or 40 foot-candles, and the 
brightness of the environment in which the fish 
was adapted was one-half and one-fourth greater, 
or one-half and one-fourth less, than that of the 
particular barrier used. ‘There were no significant 
differences in the guiding effectiveness of the three 
barrier intensities. 

Significant guidance was obtained at each bar- 
rier intensity when the brightness of the environ- 
ment in front was one-fourth or one-half less than 
the barrier, but the greatest contrast produced the 
most effective guidance. When the environment 
was brighter than the barrier, significant numbers 
of fish swam under the lighted barrier to get into 
the area of lower intensity. The 21 groups of fish 
which had experienced one trial in the flume 3 
weeks earlier were significantly better than the 
others. The last of three successive trials showed 
the greatest light avoidance, in spite of the fact 
that handling and exercise should have resulted 
in impaired swimming performance. ‘The most sig- 
nificant improvement came after the first trial. 
These results confirmed earlier findings that salmon 
could learn to respond to certain meaningful 
stimuli after a single experience and could remem- 
ber it for a considerable period. 

Velocity preference. In the course of the Minter 
Creek field study, it was noted that many of the 
guidance failures seemed to result from fish which 
remained close to the banks in areas of low velocity. 
A laboratory experiment was designed to investi- 
gate existence of a possible velocity preference. The 


reactions of 2300 I-year-plus, hatchery-reared 


July 1957 


silver salmon were tested in an X-shaped apparatus 
under conditions of light and dark. As was an- 
ticipated, in 13 of the 15 experimental conditions 
presented, significantly more fish were found in the 
areas of lower velocity at the end of test periods. 
Fish did not retain their positions in areas of still 
water as readily as in areas of some velocity. No 
preference was shown by these hatchery-reared 
salmon for upstream or downstream portions of the 
apparatus when both had closely equivalent. ve- 
locities (44), 

Wavelength. An investigation of the speed with 
which 20 yearling steelhead could be conditioned 
to red or green filtered light when the brightness 
was systematically varied revealed significant learn- 
ing (10 consecutive errorless trials) on the first day, 
with an average of less than 12 reinforcements 

45). Infrared light was not effective as a guiding 
stimulus (46). When differential absorption in 
water is not a factor, colored lights appear to be 
no more effective for guiding purposes than white 
lights. Intensity seems to be more important than 
wavelength. 

Electric shock. Because electric shocks have been 
used as reinforcing stimuli in many learning ex- 
periments, several investigations of the primary 
effects of electricity on guiding behavior have been 
completed. Certain pulsated direct-current shocks 
in still water had an adverse effect on the light- 
silver and sockeye 
(47). In another 


avoiding behavior of young 

salmon immediately afterward 
experiment, all direct-current electric parameters 
but one were associated with some loss of swimming 
ability, although only after the heaviest shock were 
significantly more experimental fish than controls 
of like size found in the light (guidance failures) 
(48). When extremely weak alternating-current 
shocks (0.18 volts per inch) were used to condition 
steelhead trout to a color-reversal problem, fre- 
quent repetition of the exposures caused them to 
“belly up” (45). An unsuccessful attempt was also 
made to find some change in the level of inorganic 
phosphate and lactic acid in yearling silver salmon 
which could be related to the number of shocks 
comparable fish might have received in a field 
light-conditioning experiment (49). 

Although young silver salmon that had been 
subjected to an hour of intermittent electric shocks 
during a conditioning experiment did not reveal 
any significant increase in mortality, it was 3 weeks 
before the vigor of their behavior in a net was 
judged to equal that of their controls. 

The greatest guiding success obtained, to date, 
with combinations of light and electricity utilized 
1.5 cycles of 60-volt, 60-cycle, alternating-current 
shocks, repeated each 24 second across continuous 
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strip electrodes placed 11 inches apart along the 
sides of the laboratory flume. Electricity used in 
this way was a little more effective than light alone 
when the fish were suddenly released in water 
moving at greater than 2-feet-per-second velocity. 
Continvous 60-volt alternating-current shock re- 
sulted in immediate paralysis, with no guidance. It 
is assumed that the strong, interrupted electric 
shock was a nondirectional stimulus for movement 
and that light furnished the basis of the orientation. 
It has been possible to move 83 percent of the 
silver salmon subjects released against one side 
across the width of the flume to the trap on the 
opposite side (50). This compares with 58-percent 
guidance reported by Brett for coho and 89 percent 
for sockeye migrants where moving white cables 
and lights were combined in water with a velocity 
of less than 0.8 feet per second (26) and with 99- 
percent guidance reported by Craddock for sockeye 
migrants with light alone, in very clear water 44 
inches deep, flowing at a velocity of 0.72 to 1.0 
feet per second (5]). These data suggest that re- 
peated exposure to a continuous electric shock is 
likely to reduce the guiding effectiveness of any 
light barrier which might be encountered soon 
thereafter. 

Conditioning. Young silver salmon have demon- 
strated significant avoidance of white light after 
only one shock, but avoidance of the dark has re- 
quired more repetitions of the dark-shock situa- 
tion. The response to a single strong shock (when 
it was used as the unconditioned stimulus) ex- 
perienced in the light was not extinguished, in some 
fish, for more than 60 trials. 

More than 100 groups of young silver salmon 
have been conditioned to avoid an electric shock 
in still water in a circular or a shuttle-box ap- 
paratus by swimming either to the dark or to the 
lighted area, as the situation demanded. This 
learned behavior persisted in the original training 
apparatus, so that highly significant results were 
obtained in the first 5 seconds of a retest. However, 
when these same fish were suddenly released 
(poured from a bucket) in an experimental flume, 
in water flowing at more than 2 feet per second, 
there was no significant difference between the 
behavior of the groups trained to avoid the lights 
and those trained to approach them. Both avoided 
the lighted side of the flume. These trained fish 
were not significantly better than the untrained 
controls (50). It is believed that either the trau- 
matic experience of being “‘poured” or the stimuli 
from rapidly flowing water were sufficiently strong 
to inhibit the previously learned “approach light” 
behavior patterns and that they were replaced by 
the innate flight response which led to the dark. 
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This suggests that learning should probably take 
place in the native stream and that the use of 
multiple light barriers, combined with some form 
of punitive stimulation, is indicated. 

In another study, each of four experimental 
groups of 80 young silver salmon was simultane- 
ously trained for | hour to swim out of the lighted 
area to avoid an electric shock. Ten different ex- 
perimental fish were individually retested against 
an appropriate control fish, at intervals of 1, 24, 
48, 96, and 192 hours. There was no difference in 
the number of experimental and control fish which 
swam out of the light in the first 10 seconds after 
the 96-hour test. Other salmon from these same 
experimental treatment groups were still notice- 
ably different from their controls several weeks 
after the original training session if they were 
tested in small groups instead of individually. 

Turbidity. Practically important results were not 
obtained when an attempt was made to guide 
migrants in the rapid and turbid water of the 
White River. The effectiveness of the lights in less 
rapid water was significant at the start of a related 
study but deteriorated as the amount of suspended 
glacial material increased (52). It is suggestive 
that the downstream migration of silver salmon 
in this stream occurs shortly after the appearance 
of glacial flour in the lower river and not during 
the early high water occasioned by melting snow 
at the lower altitudes. 


Conclusions 


Many competent individuals have provided us 
with a variety of personal observations, but the 
fundamental nature of the response of salmon to 
light has not been clarified because of the lack of 
replicated observations. The nature of the light 
source, wavelength, intensity of illumination (both 
above water and at the level of the fish’s eye), 
adaptation of the retina as determined by latitude 
and weather data, diurnal and seasonal cycles, 
type of light movement (if any), the species, size, 
and physiological condition of the fish (true mi- 
grant as opposed to resident fish which have been 
displaced downstream by freshets) , and water tem- 
perature, velocity, turbulence, and turbidity are 
only a few of the factors which may influence the 
reaction of the salmon. Perhaps the best way to 
solve these problems is to put specially trained 
research teams at three widely separated installa- 
tions with a single supervisor responsible for stand- 
ardizing the apparatus and methods employed. 
Standardization of the experimental light-barrier 
variables might permit a better evaluation of the 
other factors involved. 

There is a striking similarity in the reactions to 
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light of downstream migrant silver eels and salmon. 
Soth exhibit a negative phototaxis. Many of the 
conditions described by Petersen in 1906 for con- 
trolling the behavior of the eel work today with 
salmon. ‘The same misconceptions he encountered 
concerning the effects of light on the eels are still 
present with respect to salmon. “It is indeed the 
general impression everywhere, though not amongst 
fishermen, that these lights are used to attract the 
eels, whereas the truth is, that the eels flee from 
them; but without lights the fishermen would neve 
be able to see the eels at night-time” (53). 

Each of the experimental studies completed at 
the University of Washington and summarized here 
represents a partial step in obtaining control of 
the movements of downstream migrant salmon 
and steelhead trout. Light barriers have been em- 
phasized because they have been found to be more 
consistently effective than any other type of stimu- 
lus investigated. Under certain conditions they 
seem to work for all sizes and varieties of Pacific 
salmon and trout. They appear to be less expensive 
to install and operate in large areas than other 
types of guiding devices, and the light stimulus 
is not likely to produce detrimental aftereffects re- 
lated to the size of the fish or the intensity of the 
light. 

The normal response of young salmon and trout 
to light was found to be negative, with the prefer- 
ence for the darker of two areas strongly ingrained. 
Whether a light barrier works because the light- 
avoiding response is a true negative phototaxis, or 
is an escape reaction based on a fright, or is par- 
tially learned is not known with certainty. The 
strength of the response to a light stimulus, as meas- 
ured by speed of swimming and resistance to ex- 
tinction, may be increased as the result of condi- 
tioning techniques. The light-avoiding response 
has been used as an indicator of damage suffered 
by mechanical and electric means and of general 
impairment as the result of disease and subsequent 
medication. For the most effective guidance, the 
velocity of the water, intensity of barrier illumina- 
tion, angle of the barrier, and state of retinal 
adaptation in the fish eye must all be considered. 
Flashing lights were no more effective than steady 
ones, colored lights no better than white. Multiple 
light barriers increased the number of guided fish. 
Early impingement on a screen was significantly 
greater in the dark than in the light. 

These guiding results have not been validated in 
a large river under conditions of high velocity and 
turbidity, nor in the deep impoundments above 
the high dams. Observations at relatively low 
velocity indicate that the effectiveness of a light 
barrier is lost in extremely turbid water. The only 
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stimulus normally encountered in the environment 
which has seemed to have a greater effect on the 
behavior of salmon than light is velocity. At the 
present moment, no method has been found for 
combining these two stimuli in an effective guiding 
installation without placing gear under the surface 
of the water where it would be subject to damage 
from floods. 

When it becomes possible to concentrate large 
numbers of downstream migrant salmon in small 
areas, methods of transporting them safely past 
the turbines and spillways must be provided. Many 
basic problems remain to be solved, but unless the 
mortality at dams where significant mortalities oc- 
cur is drastically reduced, the present rapid rate of 
increase in the number of such hazards will inevi- 
table destroy this important natural resource. 
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URING several successive oppositions of 

Mars after 1877, when G. V. Schiaparelli 

(/) announced discovery of the Martian 
canals, astronomers all over the world strove to 
bring out evidence that would either confirm or 
reject the canal theory. It seemed self-evident then 
(as it does to most people today) that any report 
of the existence of rectilinear lines suggesting in- 
telligent construction on Mars must be error caused 
by illusion or overwrought imagination. But nega- 
tive proof is the most difficult kind to sustain, and 
immediate rejection of Schiaparelli’s discovery was 
not accomplished. Owing to the fact that, in a few 
years, several other astronomers substantiated 
Schiaparelli’s theory, the fashion soon arose of see- 
ing Martian canals in every kind of telescope, big 
or little. 

Among the important confirmations during the 
oppositions of the period 1892-94 were those of 
W. W. Campbell (2), J. M. Schaeberle (3), W. J. 
Hussey, and E. S. Holden (4), for these Lick ob- 
servers were in command of the new 36-inch re- 
fractor, then the world’s largest. At Lowell Observ- 
atory (Flagstaff, Arizona), Percival Lowell, W. 
H. Pickering, A. E. Douglass, and others made 
observations with a superb 24-inch refractor that 
had been constructed especially for planetary re- 
search (5). Their work resulted in the publication, 
in 1895, of reports containing charts that showed 
hundreds of straight, narrow canals, far more than 
had been seen at any other observatory. 


Canal Theory Confuted 
Despite these seemingly firm confirmations, a 
reaction against belief in the existence of canals on 


Mars grew among conservative thinkers and fed on 
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their dislike of the speculations that one or two 
“canalists’ had indulged in (6). Leaders in the 
reaction were the American George Hale and the 
Frenchman E. M. Antoniadi. Hale spoke in 1909, 
shortly after the 60-inch reflecting telescope had 
been put into service on Mount Wilson, in Cali- 
fornia. Antoniadi (7), in Paris, at the Meudon Ob- 
servatory, engaged in correspondence with Hale 
and received from him a report signed by nine 
Mount Wilson astronomers, who testified that none 
of them had been able. to see canals with the new 
telescope. Antoniadi made full use of this devastat- 
ing report in various ways and, in 1913, he wrote 
of Martian canals with what may be described as 
an excess of feeling: “But the astronomer of the 
future will sneer at these wonders; and the canal 
fallacy, after retarding progress for a third of a 
century, is doomed to be relegated to the myths of 
the past” (8). 

The principal arguments against the canals are 
(i) that the eve tends to connect disconnected dots 
and shaded areas and thus to present these to the 
mind as continuous lines and (ii) that, though 
rectilinear markings may often appear in the image 
of Mars as it is seen in small teles¢ opes of 12 inches 
and occasionally in medium-sized ones, such as 
Lowell’s 24-inch, nevertheless, when seeing is per- 
fect, the rectilinear markings are resolved by larger 
telescopes (such as the great Meudon refractor of 
32 inches) and take on the appearance of minute 
and complex details of an entirely natural kind (9). 

Percival Lowell and Simon Newcomb had de- 
bated these points in 1907, and Newcomb had ap- 
parently conceded that Lowell’s sightings could be 
accounted for by theoretical considerations (/0). 
But scant attention was paid to the outcome of this 
debate. 











Antoniadi’s negative opinion, when fortified by 
Hale and his colleagues, bore much greater weight 
than Lowell’s arguments, because belief was wide- 
spread at the time that the larger the telescope, 
the more authoritative were the announcements of 
those who peered through the eyepiece. But more 
recent experience has failed to establish the validity 
of this belief. Even though, at a much later date, 
Edison Pettit identified a number of canals in the 
60-inch reflector (//), this instrument, and those 
that are even larger, are not considered to be as 
effective for making Martian observations as are 
the refracting telescopes that have apertures of 36 
inches and less. It has been reported to me that, 
among members of the Palomar staff, there is a 
strong feeling that the 200-inch mirror is not an 
ideal instrument for planetary observation: the 
reflector was not constructed with that in mind but 
was designed to extend our knowledge of extra- 
galactic configurations. Furthermore, Albert Wilson 
has reported that his experiments indicate that a 
9-inch refractor at Lowell Observatory is the opti- 
mum size when newly developed electronic photo- 
graphic techniques are used (/2). 


The Aging Observer 


But the perspective that we have today has been 
achieved since the prevailing opinion, which rejects 
the canals, was formed. Perhaps in 1918 the certi- 
tude of Hale’s and Antoniadi’s disbelief, coupled 
with negative statements by his own coworker E. 
E. Barnard (/3), swung W. W. Campbell, the 
director of Lick Observatory, over to a negative 
point of view; or perhaps Campbell in middle age, 
like Schiaparelli after 50 (9), could no longer 
focus the canal images on the retina of his eye. 
Whatever the cause, Campbell published a very 
full critique (/4) in which he set forth what he 
regarded as fundamental inconsistencies in the 
work of Lowell (then deceased), when compared 
with the canal drawings of the second principal 
canal exponent, Pickering. Campbell, in this cri- 
tique, made no reference to the canals that he him- 
self had reported during the years 1892-94 (2); 
instead, he now suggested that the Martian details 
had been too difficult for human eyes, aided only 
by existing telescopes, to detect. In 1930, Antoniadi 
gave the coup de grace to the canal theory by de- 
voting an entire chapter of his new book to “The 
illusion of the canals’ (9). 


Physical Determinations 


After 1909, the attention of most planetary ob- 
servers was diverted from the topographic study, 
and their work soon centered around physical de- 
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terminations of atmospheric movements, vapor 
pressures, and surface temperatures. ‘The chemical 
composition of the polar caps and of the atmos- 
phere was also investigated. As a result, it is now 
well established that, though there is very little 
water vapor in the Martian atmosphere, that small 
amount is sufficient to cover the polar regions each 
winter with precipitated water crystals. 

This fact, plus observations of movements of 
clouds, proves that the atmosphere and its circula- 
tion are extensive. Yellow clouds indicate the pres- 
ence of dust that may arise from wind storms over 
the Martian deserts or from volcanic activity. Ac- 
cording to D. B. McLaughlin, some of the ‘‘canals” 
are traces of dust deposited to leeward of active 
volcanoes (/5). The word canals has come to be 
accepted as a conventionalized term to designate 
certain regions or areas that are more or less 
rectilinear or bandlike, according to the individual 
astronomer’s opinion; the term no longer signifies 
“water channel,” just as maria, when applied to 
the Moon or to Mars, no longer means ‘“‘sea,” for 
great bodies of liquid water are unknown on either 
world. However, some astronomers are still of the 
opinion that the dark circle that surrounds the 
melting Martian polar cap is an annular lake. 

The Martian climate has been shown, by the 
temperature measurements of Menzel et al., to be 
of what might be called an extreme continental 
type, with a freeze every night and thawing tem- 
peratures during summer days (/6). Although 
hardly a trace of oxygen is to be found in the 
planet’s atmosphere and higher types of plant and 
animal life, as we know such life forms, could not 
exist unprotected on Mars, and although no chloro- 
phyll can be detected by absorption bands in spec- 
trographic studies, nevertheless most astronomers 
nowadays are willing to consider the possibility that 
the dark regions—areas that change color with the 
seasons—are clothed with vegetation (17). This 
vegetation, if it exists, must be of what we call a 
low order of plant; perhaps it is a type similar to 
our lichens, which manufacture their own oxygen 
and which can live under conditions of extreme 
drouth and cold. The Martian variety would use 
some molecule other than chlorophyll to catalyze 
photosynthesis. 

Useful as these investigations are in furnishing 
us with background and understanding of Mars as 
a world, they do not explain the Martian canals 
that are persistently reported by a section of the 
astronomical profession even to this day. If we 
accept R. J. Trumpler’s canal network, neither 
meteorology, nor volcanism, nor botany, alone, can 
explain why more than 95 percent of the lines that 
he draws begin and end at points (oases) (/8). 
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Let us review, very briefly, the investigations of 
that small group of astronomers who have con- 
tinued to report the presence of canals on Mars 
after the fall of the canal theory from favor. 


Canal Sightings 


Emphasis of the canalist school, after 1909, was 
placed on photography; but even the best photo- 
graphic plate has less resolving power than the eye. 
Workers at the observatories of Lick (/9), Lowell 

20), Pic du Midi (2/7), and Mount Wilson (//, 


22) have, as result of these photographic studies, 





achieved what they regard as objectivity by com- 
bining photography with visual observations. V. 
M. Slipher, of Lowell Observatory, decided in 1927 
that the combination method gave complete proof 
of the existence of the canal network (20). In the 
same period, ‘Trumpler (/9), of Lick Observatory, 
took hundreds of photographs of Mars that show 
canals, and by combining selected negatives, he 
reinforced the canal images and correlated them 
with his visual observations. As a result of this 
method, ‘Trumpler drew maps of Mars that show 
the existence of a complex and extensive canal 
network, even as Lowell (23) and Schiaparelli 
had described it (7). These confirmations were 
followed, in 1941, by that of B. F. Lyot, who may 
be regarded as the French successor of Antoniadi 
in Martian observations. Lyot reported finding 
many traces of lines on his photographs of Mars 
in locations, on the disk, where his visual observa- 
tions had noted the presence of the darkest canals 
(27). In 1947, Pettit reported confirmation of the 
canals in a small telescope at Pasadena, California, 
and also in the 60-inch reflector on Mount Wilson 
(/7). Later (in 1953) Pettit reported sighting the 
pattern of the Lowell network in a 20-inch re- 
flector, and in 1955 he reported that images of a 
number of these canals appear on photographs 
that he took in 1954, and that he has become con- 
vinced that the network exists, at least to the ex- 
tent that Schiaparelli described it (22). 

It is notable that Trumpler, who used the 36- 
inch Lick refractor in the oppositions of 1924-26 
(19), agreed with the observers who had reported 
seeing canals in the same instrument in 1892-94 
(2-4). Campbell’s change of mind (/4) then and 
his denial of the canal theory in 1918 were more 
‘ in accord with the findings at other institutions (7, 
9) than with what was to be seen by young eyes 





through the instrument at his own, and this lack 

’ of support of Trumpler’s findings by the director 
is probably the reason why Trumpler’s confirma- 
tion of the network has been so universally disre- 
garded. 


July 1957 








Reconsideration of Canal Theory 


Trumpler’s report and other apparently excel- 
lent reports on canal sightings that were made after 
Antoniadi’s denouncements have been publicly 
ignored and privately derided. In particular, the 
works of Slipher (20) and Jarry-Desloges (24) 
have been so abused. Pettit and Lyot, latter-day 
canal sighters, have been so cautious in their an- 
nouncements that few scientists realize that these 
men have been keeping the Schiaparelli-Lowell 
point of view alive today, principally in_ their 
private circles. 

It is my purpose here to inquire whether this 
turn of events was justified. Was rejection of the 
Martian canal hypothesis, in accordance with the 
1909 statements of Hale and his coworkers (em- 
phasized by Antoniadi), a correct scientific proce- 
dure? And if it was not, should the hypothesis be 
taken up now for reexamination, in view of more 
recent claims of objective canal sightings? 

It would seem that G. P. Kuiper favors such 
reconsideration, for, although in a recent paper 
25) he disregards ‘Trumpler and later works and 
repeats Campbell’s argument that astronomers may 
have been straining to make out features that are 
beyond them, he does, nevertheless, point out the 
fact that each generation must satisfy itself about 
the truth or falsity of the canal theory. Kuiper dis- 
qualifies observers on the ground of bias if they 
have shown a “passionate” interest in the observa- 
tions. Although the history of science, from Aris- 
totle, through Newton, to Einstein and Oppen- 
heimer, is filled with men who have demonstrated 
such strong feeling and attachment for their work, 
and although this emotional drive of genius has 
not, to my knowledge, been proved to invalidate 
scientific results, let us, nevertheless, accept, for the 
present, Kuiper’s dictum as applicable to both 
Lowell and Antoniadi, for these two partisans of 
opposite poles were “passionately” devoted to their 
studies. Under this rule, it will be necessary to 
judge the correctness of the one or the other de- 
bater in the light of the sum of confirmations by 
still other astronomers in order to adopt, at a later 
date, either of the two debated positions. 

Successors have now long been established at 
both Mount Wilson Observatory and at Meudon 
Observatory (where the negative view was con- 
firmed) who do not agree with the old evidence on 
which the rejection of the canal pattern was based 
Gerard de Vaucouleurs, a French spokesman of 
recent years who has endeavored to present the 
facts impartially, has taken an increasingly more 
favorable attitude toward the canal theory (26 

In view of these facts, I suggest that the frater- 














nity of astronomers consider the thought that the 
gathering of evidence for the canals may be a task 
for which certain people and observatories are 
especially adapted (perhaps by unusually keen eyes 
and by favorable sky and telescope conditions) and 
that it is necessary to judge the question of the 
canal network by the record rather than by one’s 
personal ability or inability to see the canals. Such 
a spirit of open-mindedness is the more timely in 
view of the trend of current thinking on the possi- 
bility of space travel and of rocket technology’s 


promise for the future (27, 28). 


Martian Network Not Unique 


Throughout the years, the element that has sus- 
tained interest in the network of Martian canals 
is the presumption of their uniqueness among 
astronomical bodies. While the Martian lines are 
unique in the sense that like markings cannot be 
seen on any other object viewed through a tele- 
scope, nevertheless, if we were to examine the earth 
from a distance by means of a telescope, we would 
discover a topologically identical pattern that arises 
from man’s engineering activity. I have outlined, 
in the following paragraphs, my communication- 
network theory, which proves statistically that 
civilized continents of the earth are covered with 
lines that are similar in their disposition to the 
canals of Mars, as defined by Lowell and Trumpler. 
The following explanation gives the gist of the 
theory; those who wish to study the full develop- 
ment are referred to other publications (/8, 29). 


Method of Network Analysis 


A surface network is composed of a primary set 
of points distributed over the surface, with at least 
three radiant lines connecting every point with 
three other points of the set. Out of any point set 
a great variety of networks may be constructed, 
depending on the manner in which the individual 
points are connected. A convenient statistical 
method for classifying networks according to type 
consists of counting and calculating the percentage 
of lines in the pattern that radiate from junctions 
having, respectively, three, four, five, or more con- 
necting rays. It is found that network patterns of 
nature and artifice, when thus analyzed, fall into 
different groups. I have selected 158 points which 
Trumpler, in his 1927 report, calls oases; these 
constitute junctions from which three or more 
canals radiate to other junctions of the same group. 
Approximately 15 percent of the canals in the 
Martian network of Trumpler (19) pass out of 
junctions of three canals; 43 percent radiate from 
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junctions of four canals, 20 percent from junctions 
of five canals, 12 percent from junctions of six 
canals, and 6 percent from junctions of seven 
canals; and there is one junction in the network 
with eight canals. In the light of this analysis, we 
can compare other networks of nature and artifice. 


Natural and Artificial Networks 


The shrinkage cracks of glazed chinaware, mud 
cracks in drying ground, and cracks in ancient lava 
slabs are alike in that by far the greater number 
of centers have only three cracks radiating outward. 
I sought, but was unable to find, an example in 
inanimate nature of a pattern where a preponder- 
ance of the rays issue from junctions of four or 
more. But when intelligent action is a causative 
factor, such a pattern is found to develop as the 
result of that intelligence. Spider webs, of course, 
are an example of many rays issuing from one 
center; but the spider is unable to intermesh many 
such loci in the manner of the Martian network. 
Hence, I turned to works of a higher intelligence 
and analyzed railroad networks. I found that the 
railroads of Iowa and Ohio make macroscopic 
patterns that are topologically identical to Trump- 
ler’s and Lowell’s Martian networks. Although the 
Martian network, as thus analyzed, appears to be 
clearly of the communication type, I do not wish 
to imply that it has been proved to have a design 
that would require intelligence equal to man’s for 
its creation. Additional evidence giving more cer- 
tain criteria for patterns that indicate high intelli- 
gence is required before such a theory can be sus- 
tained. 

Figures | and 2 show the air communication net- 
work of the earth and the Martian canal network 
presented in the same style. If our oceans were dry, 
our railroads would be constructed to cover the 
surface of the earth after the manner of the 
Martian network, and in clear weather the lines 
would be visible from above. 


Discovery of New Knowledge 


During the summer of 1956, Mars again swung 
into the point of closest approach to the earth, and 
planetary astronomers (who are few in number) 
spent long hours at their telescopes, searching the 
surface of our nearest neighbor. Unfortunately, the 
Martian summer solstice occurred so close to the 
time of opposition that the seasonal canals were 
not visible in large numbers when Mars presented 
its largest disk. Robert S. Richardson reports hav- 
ing seen, in the 60-inch reflector on Mount Wilson, 
a multitude of blue canals on the desert regions of 
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Fig. 1. Air communication network on the earth. [© 1956 by Wells Alan Webb; reprinted from Astounding Science 


Fiction) 


the Southern Hemisphere on the morning of 3 June As a visitor to the Lowell Observatory one night in 
but states that these had disappeared by opposition 1954, I saw several thin black lines stretch across 
time in September (30). Richardson photographed the image of Mars as it appeared in the 24-inch 
Mars on 3 June, but the images were too small to — refractor. But these lines would not be steady; they 
show the lines that had been clearly visible to the writhed about with rapid movements; they van- 
eye observing Mars directly under high magnifica- ished many times and as often reappeared. Clyde 
tion. Perhaps other astronomers have made similar ‘Tombaugh told me that these were canals, but the 
observations and will report them in the course of | seeing that night was unsteady; it ranged between 
time. Let us hope that the newer electronic tech- 3 and 5. My middle-aged eye tired quickly under 
niques, such as the Lumicon, have yielded decisive the strain of trying to make out, and draw, what 
results. However, until and unless such techniques was appearing in the eyepiece. Clearly, the work of 
are successful, we must rely on the eye of the ob- focusing on the eyepiece and of comprehending 
server for clearest resolution of Martian details. what is seen sufficiently well to reduce the image 

I do not pretend to qualify as an observer. to a drawing is a psychological-neurological process 
Nevertheless, this experience and the following — that, if considered objectively, has little or nothing 
suggestion of observing method seem significant. to do with the rigorous training in astrophysics and 
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Fig. 2. Martian canal network. [Redrawn from Trumpler] 
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mathematics that qualifies a man to be an astrono- 
mer. Just as the middle-aged coach no longer 
aspires to the fine coordination of eye and brain 
that he trains young athletes to exercise in playing 
basketball or tennis, so the middle-aged astronomer 
should realize that what may now be, for him, 
marginal or impossible in Martian observation may 
lie well within the powers of men in their early 
20’s who are selected by psychological tests for 
their quickness of perception, accuracy of vision, 
and ability to draw, faithfully, the image that ap- 
pears unsteadily in an eyepiece. 

The Air Force has successfully devised such tests 
and applied them in selecting pilots. Here is an 
opportunity to use similar methods and tests for 
the selection of highly competent men to observe 
Mars—men who would be unfamiliar with past 
drawings and who would have the duty of making 
objective reports of appearances for astronomers to 
interpret. Such men, gifted with keenest sight, 
adept at drawing, having the quickness of appre- 
hension that only youth can possess, and having 
been selected, among other things, because of their 
total disinterest in the outcome, should be able, 
when placed at suitable telescopes, to provide the 
drawings that will confirm or disprove the canal 
hypothesis. 

In the tradition of science, hunch and accident 
have often been the spurs leading to further re- 
search and the discovery of new knowledge. With 
respect to Mars, we now have a statistical correla- 
tion (78, 29) to back up Lowell’s intuitive impres- 
sion of intelligent design of the canals (23). Fur- 
ther research with methods at the command of our 
generation can solve this question. I can imagine 
no problem in science that offers promise of greater 


discovery. 
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SCIENCE can be in a highly advanced 
state, even though its logical foundations 
are far from being clarified. Mechanics, 
for example, reached a stage of astounding perfec- 
tion by the end of the 18th century, mainly through 
ihe genius of Galileo and Newton, although much 
room was left for controversy about the meanings 
of its fundamental concepts, length, simultaneity, 
mass, and force. Even the meaning of the simple 
law of inertia remained controversial right up to 
Einstein’s “unification” of inertia and gravitation. 
Similarly, mathematics was not prevented from 
reaching breath-taking heights of perfection by the 
Grundlagenstreit (dispute about foundations) 
which began in the 19th century and still continues. 
The fundamental question of the philosophy of 
mathematics concerns the very nature of its sub- 
ject matter. Traditionally, mathematics was de- 
fined as the science of quantity, but this definition 
was decisively criticized by Bertrand Russell in 
terms of a conception which reduces pure, abstract 
mathematics to pure, abstract logic, thereby lifting 
any restriction to a special subject matter. But 
though pure mathematics in this conception is, in 
contrast to the special empirical sciences, unre- 
stricted in subject matter, its propositions are 
analyzed as referring to classes and attributes. In 
probing into the foundations of mathematics, there- 
fore, one cannot avoid facing, sooner or later, the 
old metaphysical problem of the status of abstract 
entities. The latter has been tied up with the prob- 
lems of linguistic meaning and reference ever since 
Plato but never before as closely as at the present 
time. Modern semantics, as cultivated by analytic 
philosophers in the United States and England, 
grew up in close contact with symbolic logic. Ac- 
cordingly, the problem to be discussed in this 
article should be of equal concern to mathemati- 
cians who reflect on the foundations of their sci- 
ence, to semanticists, and to symbolic logicians. 
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Traditional Problem of Universals 


When a high-school teacher demonstrates that 
the sum of the interior angles of a triangle equals 
180°, he usually draws a triangle on the black- 
board, then draws a straight line through the top 
vertex parallel to the base, in order to be able to 
reduce the proof of the Euclidean theorem to the 
proposition that “corresponding” angles are equal. 
How would he satisfy a “philosophic” pupil who 
protested that he had not established that all tri- 
angles whatsoever have the property in question 
but only that the particular triangle on the black- 
board had it? Obviously, the proper reply would 
be this: We can be perfectly sure that every Eucli- 
dean triangle has the property, without illustrating 
the proof over and over again by different triangles, 
because any properties of the particular triangle 
that distinguish it from other triangles—such as 
its being equilateral, or its comparatively small size, 
or its being bounded by white lines—were disre- 
garded in the proof. In the language of Plato: 
What the mathematician is thinking about when 
he discovers the geometric proof is not a particu- 
lar triangle but triangularity as such—in other 
words, that which all particular triangles have in 
common and by virtue of which they are triangles. 

It is this sort of thing that various philosophers, 
past and present, under Plato’s influence call a 
“universal,” or an “intelligible form,” or an “es- 
sence.” These entities were supposed by both Plato 
and Aristotle to be the objects of scientific thought, 
as contrasted with “particulars” that are given in 
sense-experience with a unique location in space 
and time. Of course, these universals did not have 
to be geometric forms. In the case of every predi- 
cate whatsoever, the things to which the predicate 
is applicable can be distinguished from the property 
the possession of which by a particular thing is the 
criterion of the predicate’s applicability: redness 
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is to be distinguished from red things, hardness 
from hard things, humanity from particular human 
beings, and so on. 

Again, numbers seemed to be a kind of univer- 
sals, for, to ask a question which unphilosophic peo- 
ple never ask at all: What is the number 2? It 
surely is not the symbol 2,” for we can use differ- 
ent symbols to talk about the same number (for 
example, “II,” “two,” “zwei’). It must, then, be 
something that the symbol stands for. But it can- 
not be identified with a particular pair of objects, 
say a pair of gloves, or a pair of apples, or a pair 
consisting of wife and husband. It seems, rather, to 
be something that all particular pairs have in com- 
mon (“twoness”), an object of abstract thought, 
not a sensible object. 

Once universals are conceived as objects of 
thought, the realm of universals will be found to be 
populated not only with those that are somehow 
“exemplified” in the particulars we sense but also 
with unexemplified universals: no physical sphere 
corresponds exactly to the mathematical concept 
of a sphere; hence, the universal sphericity which 
the mathematician thinks about is not, strictly 
speaking, exemplified in the physical world. And 
even if one never physically constructed a regular 
polygon with 1000 sides, this mathematical object 
could be reasoned about, and in order that it may 
be reasoned about it must in some sense “exist,” 
say the Platonists. In the heaven of Platonic forms, 
then, we find not only perfect mathematical objects 
but also unexemplified forms that move the imag- 
ination of less intellectual people: mermaidhood, 
centaurhood, unicornhood, and so on. The Platon- 
ists’ argument seems to be that, in order that some- 
thing may be thought of, it must in some sense be; 
we can obviously think of mermaids, though there 
are no physical mermaids in space and time, but 
we could not have such thoughts unless there 
existed the universal mermaidhood. Since these 
universals do not exist in space and time, some 
Platonists try to avoid confusion by calling the 
sort of “being” that is to be ascribed to them “sub- 
sistence” (/). 

It is important to understand that universals as 
traditionally conceived, especially by Platonists, are 
not mental in the sense in which a thought or an 
act of imagination or a feeling is mental. ‘They are, 
rather, postulated objects of thought whose subsist- 
ence is alleged to be independent of their being 
mentally apprehended in any way. It is for this 
reason that Platonism is usually called a kind of 
“realism.” Universals are held to be real in the 
sense that there would be such entities even if no 
consciousness existed, just as a physical realist holds 
that physical objects are there, whether or not any 
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conscious organism or disembodied mind is aware 
of them. 

The most important traditional arguments, then, 
for there being universals over and above the world 
of sensible particulars in space and time are the 
following two. (1) With the exception of proper 
names, all meaningful words are general. ‘To say 
that they are meaningful is to say that they stand 
for something. But, unlike proper names, words 
like horse, round, and red do not stand for particu- 
lar things. Therefore they stand for universals. And 
these universals would be “there” somehow, even 
if they were never referred to by means of words. 
(ii) Every thought has an object; to think is essen- 
tially to think of something, and the object of one’s 
thought is clearly distinct from the thinking of it. 
When two mathematicians, for example, converse 
with each other about the properties of a certain 
number, they assume without hesitation that they 
are thinking about the same object and that they 
are merely trying to discover the properties of that 
object, in the same sense that a chemist is trying 
to discover the properties of a compound he is ex- 
perimenting with, though by essentially different 
methods. ‘The square root of two would have been 
irrational, even if no mind had ever thought about 
it, let alone discovered its irrationality. ‘This second 
argument is much more tempting than the first. 
As we shall see presently, the first argument. is 
rather easily disposed of by exposing the underlying 
confusion between meaningful words and names. 
But the second argument is a natural outgrowth 
of a psychological situation with which even non- 
mathematicians are familiar. Imagine a child who 
has just learned the meaning of “square number” 
by means of the examples 4 = 2 * 2, 9= 33, and 
curiously investigates how many square numbers 
there are between | and 100 and whether their fre- 
quency increases or decreases as the numbers in- 
crease. He seems to explore a domain of objects 
that have invariable properties in no way dependent 
on human thoughts, and yet these objects are not 
physical objects with spatial location. The child 
may at first suppose himself to be talking about 
marks on paper when he says “9 is a square num- 
ber but 10 is not,” but you can easily convince him 
that these are merely symbols we use for referring 
to invisible numbers: the sentences “9 is a square 
number” and “nine is a square number” refer to 
the same number, but the symbols “9” and “nine” 


are obviously different. 
Modern Semantics and the Traditional Dispute 


Many traditional philosophers, especially Occam 
and his followers in medieval philosophy and the 


THE SCIENTIFIC MONTHLY 




















British empiricists since Hobbes, have tried to dis- 
credit Platonism as a belief that has no better ra- 
tional foundation than a belief in ghosts and fairies. 
Whatever exists, said the nominalists, is a particular 
in space and time, and there is no need to postulate 
any “‘subsistent” abstract entities. A general word 
does not stand for a universal but is just an eco- 
nomic device for referring to several particular 
things that are in certain respects similar. Accord- 
ing to the realists, a meaningful general word, like 
man, stands for a universal, and when we judge 
that a particular object is correctly called “man,” 
we compare it, as it were, to our idea of the univer- 
sal. But the nominalists denied that we can form 
“abstract ideas”-—at all. To 
quote the subtlest of them, George Berkeley (2 


ee 


ideas of universals 


it is thought that every name has, or ought 
to have, one only precise and settled signification, 
which inclines men to think there are certain ab- 
stract, determinate ideas that constitute the true 
and only immediate signification of each general 
name; and that it is by the mediation of these ab- 
stract ideas that a general name comes to signify 
any particular thing. Whereas, in truth, there is no 
such thing as one precise and definite signification 
annexed to any general name, they all signifying 
indifferently a great number of particular ideas.” 
This is a striking anticipation of modern seman- 
tic analysis. Berkeley is criticizing the scholastic be- 
lief, ultimately derived from Plato, that the gen- 
erality of a word consists in its representing a 
determinate entity which is not a particular and of 
which we have an “abstract” idea. Rather, he held, 
the generality of a word is its capacity to evoke any 
one of a set of similar particular ideas. If I apply 
the general word triangle to a particular figure, | 
do not do so as a result of finding the particular 
figure to correspond to an abstract idea of triangu- 
larity—there is no such thing—but simply because 
I recognize it as similar in a certain respect to ob- 
jects with which I have been conditioned to associ- 
ate the word triangle. Berkeley might have said, as 
some contemporary analytic philosophers have said 
explicitly, that the meaningfulness of a word does 
not presuppose the existence of an entity which. is 
what the word means. That the word triangle is 
unambiguous in the context of geometric discourse 
does not entail that it functions in that context as a 
name of a unique entity, call it a “universal.” One 
chief source of Platonism, according to this point of 
view, is the naive and mainly unconscious assump- 
tion that every meaningful word is a name of some- 
thing. But the verb “to mean” is, in the relevant 
respect, more like the verbs “to dream” and “to 
wish” than like the verbs “to name” and “to eat”; 
there must be something that can be named in 
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order that an act of naming may take place, and 
there must be something that can be eaten in ordet 
that a process of eating may occur. But would it 
not be grotesque if | argued to the existence of 
green dogs. that can singe Verdi arias from the fact 
that I dreamed of such an animal, or to the ex- 
istence of a woman who is my wife and combines 
more virtues than any other woman from the fact 
that I wish for such a wife? In grammatical termi- 
nology, this criticism of Platonism accuses it of 
construing “to mean” as a transitive verb, whereas 
this verb is obviously intransitive. 

The chief philosophic motive behind Bertrand 
Russell’s theory of dese riptions (3) was to expose 
this confusion and thereby to inhibit the tendency 
to postulate entities that do not exist in the physical 
universe. ‘To borrow Russell’s own example, con- 
sider the sentence “the present king of France 1s 
bald.” On a crude level of analysis one might say 
that, since the sentence is meaningful (all constitu- 
ent words are meaningful and are arranged in a 
syntactically correct way), it must be about some- 
thing. And what is it about if not the present king 
of France? But there is no present king of France! 
Is it, then, about a Platonic essence or Idea that 
happens to be unexemplified in the physical world? 
Russeil’s answer was that no such metaphysical 
postulations are required to account for the signifi- 
cance of the sentence. We have only to distinguish 
between contextual meaning and denotation: a 
“the 


France,” has meaning in context but does not de- 


definite description, like present king of 
note anything at all. It has meaning in the context 
of sentences that contain it, and this meaning can 
be explained by means of a synonymous sentence 
in which no definite descriptions occur: “there 1s 
one and only one individual which is present king 
Once 


meaning and denotation are thus distinguished—a 


of France, and that individual is bald” (4). 


symbol may be meaningful (in context) without 


denoting anything—the argument for the existence 
of universals from the meaningfulness of predicates 
collapses, for a predicate can be meaningful in the 
context of entire sentences without being a name of 
anything. 

This, in fact, is a fundamental tenet of con- 
temporary semantic nominalism (I call this philo- 
sophic school “semantic” nominalism to distinguish 
it from metaphysical nominalism, because its mem- 
bers tend to avoid such metaphysical locutions as, 
“only particular things or events in space and time 
are real, universals are abstractions that have no 
reality” 
meaningful, and to explain the meaning of a predi- 
cate is to formulate a rule for applying the predicate 


to this school, predicates are contextually 


to particular objects, but predicates are not names 
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of anything. The predicate “blue” is not related to 
its meaning in the way that the name “John” is 
related to John. Indeed, it is already misleading, the 
semantic nominalists urge, to speak of the meaning 
of “blue,” since this expression suggests an elusive 
entity. It is preferable to speak of the rule govern- 
ing the use of “blue,” and to give this rule is to 
formulate the conditions under which it is correct 
to apply “blue” to a thing. In the case of “blue,” 
the rule of usage cannot be formulated without 
pointing at particulars. In this respect the rule of 
usage for, say, “mermaid” is, of course, of a 
different sort, since we can be said to understand 
what “mermaid” means, although we have never 
encountered any mermaids. But, the semantic nomi- 
nalist insists, to grasp this meaning is not to be face 
to face, as it were, with a universal, call it mer- 
maidhood, but just to know under what condi- 
tions it would be correct to apply the predicate “is 
a mermaid” to an object (5). 

An important application of the theory of con- 
textual meaning to mathematics arises if one re- 
flects on the meaning of infinitesimals, expressed 
by “dx,” “dy,” and so on. Mathematicians used 
infinitesimals successfully long before they were 
clear about their meaning. At first glance there is 
an air of hocus-pocus about infinitesimals: how 
can a genuine quantity be neither zero—insofar 
as an infinite sum of infinitesimals equals a finite 
quantity—nor finite—insofar as a finite sum of 
infinitesimals does not equal a finite quantity? And 
how can the ratio of dy (where y is a function of 
x) to dx equal a finite number if neither dx nor dy 
are finite numbers? The differential quotients 
themselves seemed perfectly legitimate, since they 
admitted of geometric interpretation, namely, as 
measures of the slopes of tangents. But what trou- 
bled both mathematicians, who used the device 
of infinitesimals without being able to justify it 
“philosophicaély” (as contrasted with ‘“‘pragmatic” 
justification: it works!), and philosophers, who 
were critical of the calculus (Berkeley, for exam- 
ple), was that the components of the differential 
quotient had no intelligible meaning. The theory 
of contextual meaning, however, justifies the use 
of infinitesimals as “incomplete symbols,” in Rus- 
sell’s phrase—that is, as symbols which do not de- 
note any funny kinds of numbers but have meaning 
in context. An equation of the form “dy/dx = c” 
means that the limit approached by a sequence of 
difference quotients /\y//x, as /x becomes 
smaller and smaller, equals c, and the meaning of 
“limit” can be explained without postulating any 
numbers other than finite ones. When one has ex- 
plained the meanings of equations that involve dif- 
ferential quotients, both such as equate them to a 
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constant and such as express them as a function of 
a variable, one has explained the contextual mean- 
ing of differential quotients and of their compo- 
nents. 


Classes, Attributes, and the Logical 
Analysis of Mathematics 


It was stated in the beginning of this article that 
it is difficult to avoid Platonism if one becomes 
philosophic at all and asks what a number, as dis- 
tinct from a numeral, is. It seems that a number is 
either a universal—that is, a common property of 
classes of discrete objects that can be set into one- 
one correspondence—or else a class of such “simi- 
lar” classes. The number two in particular, then, 
is revealed as either the universal “‘twoness” or the 
class of all pairs. Although classes are, for good or 
for bad reasons, somehow more acceptable to 
nominalists than are universals (or attributes, as 
we shall henceforth call them), they are likewise 
abstract entities. By “the class of all men,” for exam- 
ple, a logician does not mean a group of men that 
could possibly be seen but the conceptually appre- 
hended totality of men past, present, and future 
(6). 

Can these Platonistic temptations be overcome 
by means of the theory of contextual meaning? 
That is, can it be maintained that numerals have 
only contextual meaning and do not denote any 
entities at all? Now, contextual definitions of the 
natural numbers in terms of logical constants and 
nonnumerical variables can be constructed, as was 
shown by Frege and Russell (7) independently 
(although Frege has historical priority and influ- 
enced Russell’s thinking on the foundations of 
arithmetic) ; and these contextual definitions clar- 
ify, in a very important way, the language of ap- 
plied arithmetic. 

Let us being with the first natural number, zero. 
What is meant by a statement like “the number 
of French judges in the Supreme Court is zero”? 
Obviously, it means that there are no such persons, 
or that the class of such persons is empty. Here, 
not,” “there are,” and whatever symbol is used 
to denote membership in a class are logical con- 
stants. Note that zero, just like the larger numbers, 
is predicable of classes, not of individuals; that is, 
statements of the form “there is nothing of the 
kind K” are meaningful, but statements of the 
form “this thing is not” or “this thing is nothing” 
are not. 

Next, consider the number one. Again, we can- 
not predicate unity in the arithmetical sense of an 
individual: “the sun is one” makes no sense; “there 
is one (and only one) sun” makes sense. That is, 
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we might say that the class of solar objects has 
exactly one member, and this means, according to 
the Frege-Russell analysis, that there is an x such 
that x is a member of the class of solar objects, 
and for any y, if y is a member of the class of solar 
objects, then y is identical with x. Similarly, “there 
are two things of kind K” means that there is an 
x and a y, y distinct from x, such that x and y are 
of kind K, and for any z, if z is of kind K, then 
z is identical with x or with y, and so on for the 
larger numbers. It should be noted that the con- 
textual definition of the arithmetical predicate of 
classes “one” is not circular, because “there is an 
x” does not have to be read as “there is at least 
one x” but may be read as “it is not the case that 
there is no x.” 

Are these definitions correct? Do they formulate 
what we mean by arithmetical symbols in the con- 
text of applied arithmetic? This question cannot 
be answered unless criteria are specified which 
must be satisfied by correct definitions. Now, an 
important criterion of correctness which these con- 
textual definitions can be shown to satisfy is that 
the equations of arithmetic which are actually used 
in deducing numerical statements about empirical 
subject matters from other numerical statements 
should be logically demonstrable. For example, we 
would expect from adequate contextual definitions 
of “2,” “3,” and “5” that they make possible a for- 
mal proof (that is, a proof based on nothing but laws 
of logic) of the proposition “if a person has 2 
daughters and 3 sons, then he (or she) has 5 chil- 
dren.” It may be thought that this proposition of 
applied arithmetic is just a special case of the gen- 
eral equation “2 +3 =5” and that there is no fur- 
ther problem, since the equation itself is simply 
“true by definition.” But insofar as the equation is 
just a provable formula in an uninterpreted system 
of arithmetic, its constituent arithmetical symbols 
do not have the sort of meaning that is presup- 
posed by empirical applicability. In such a system 
(a “formal calculus,” in the terminology of the 
logicians) 1 is defined as the successor of 0, 2, as 
the successor of 1, 3, as the successor of 2, and so 
on, where 0 and successor are primitive terms. 
These primitives also enter into the recursive defi- 
nition of +: x+4/ = (x+y)’; x+0=.x (here, “...” 
is short for “the successor of ....”). In terms of 
these definitions, and of the rule that equals are 
interchangeable, it is indeed possible to transform 
2 + 3, step by step, into 5, but as long as the primi- 
tives remain uninterpreted, the defined symbols 
likewise are without interpretation. The definition 
2=1’, which occurs within the formal calculus, 
does not enable one to decide whether a given class 
has two or more or less members; indeed, there is 


July 1957 


nothing within the formal calculus itself to suggest 
even that numerals designate properties of classes 
that can be ascertained by counting. 

We require, then, an interpretation of the arith- 
metical primitives in terms of an understood vocab- 
ulary before we can even significantly raise the 
question of whether the equations are true. And if 


> 


we want to justify the use of 2+3=5 as a rule 
for deducing ‘“‘x has 5 children” from “x has 2 sons 
and 3 daughters” (with the additional help of the 
definition or theorem “x is a child of y =x is a son 
or daughter of y”), we have to assign to the numer- 
als just those meanings which they have in such 
empirical contexts as “x has two sons.” This is 
precisely what the Russellian contextual defini- 
tions in terms of logical constants accomplish; they 
at once clarify the meanings of empirical state- 
ments in which numbers are applied and justify 
the belief that “x has 5 children” logically follows 
from “x has 2 sons and 3 daughters.” 

However, as both Frege and Russell clearly saw, 
such contextual definitions are insufficient for the 
elucidation of numerical symbols. In effect, what 
has been defined so far is only the statement form 
“class A has n members.” But we still do not know 
what 2, for example, means in the context “2 is a 
prime number.” Here, 2 does not occur as predi- 
cate but as subject. This is the kind of considera- 
tion that led Frege and Russell to ask what the 
number 2 itself is. Formally speaking, in the con- 
text “2 is a prime number,” 
name, not an incomplete symbol. What is it the 
name of? Two alternative answers may be consid- 
ered: (i) the class of all classes with two members, 

li) the attribute of being a class with two mem- 


the symbol “2” is a 


bers. Answer i is a special case of Russell’s general 
definition of numbers as classes of similar classes. 
Two classes are said to be similar if there is a one- 
one relation which relates every member of one 
class to a member of the other class, and a relation 
R is one-one if at most one entity has R to a given 
entity and a given entity has R to at most one en- 
tity (for example, being the immediate successor 
of; being the positive square root of; being the wife 
of, in a monogamous society). 

It is natural to think of a number as the common 
property of all mutually similar classes. But this 
definition is open to the objection that there is no 
guarantee that a set of similar classes have just one 
property in common (8). For example, if all indi- 
viduals have a certain’ property f in common, then 
all possible pairs that could be formed out of them 
would have the common property “containing as 
members individuals with property f.” By the fore- 
going definition, therefore, the number 2 would 
fail to be unique. On the other hand, the class of 
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all pair-classes is necessarily unique, and this is why 
Russell preferred to define numbers as classes of 
similar classes. 

Nevertheless, there is at least one reason why it 
may be better to regard numbers as special kinds 
of attributes, in the sense of definition ii. The for- 
mal difference between classes and attributes is 
that attributes which apply to exactly the same en- 
tities may still be distinct, whereas classes with the 
same membership are identical. Thus, we can con- 
ceive of a universe in which all round things are 
blue and all blue things are round. If such were 
the world, the class of blue things would be identi- 
cal with the class of round things, yet the attributes 
blueness and roundness, the one a color the other 
a shape, would remain perfectly distinct. Or, to 
illustrate by a mathematical example, the class of 
natural numbers between | and 3 is the same as the 
class of even primes, but the corresponding attri- 
butes are clearly different; we describe the number 
2 differently if we describe it as the natural num- 
ber that is less than 3 and greater than 1, or as the 
only even number that is a prime number. Again, 
many distinct attributes are not possessed by any- 
thing at all: being a unicorn, being a blue dog that 
can speak French, being a golden mountain, and 
so forth. But they all correspond to the same class, 
the null ciass. There cannot be more than one null 
class, for if there were two, one would have to have 
a member which the other does not have, and this 
contradicts the hypothesis that neither has any 
members. 

Now, to come closer to the defect of definition i, 
which is of interest here, the arithmetical meaning 
of the term successor (as used, for example, in the 
definition of 1 as the successor of 0) is such that 
necessarily distinct numbers have distinct succes- 
sors. This, in fact, is one of five postulates upon 
which the Italian mathematician and logician Pe- 
ano erected the arithmetic of natural numbers. And 
one of Russell’s avowed aims in “‘logicizing’’ the 
concepts of arithmetic was to so define Peano’s 
primitives (“zero,” “successor,” “natural number” ) 
that all the postulates (and therewith the theor- 
ems) of uninterpreted arithmetic turn into logi- 
cally necessary propositions—propositions that are 
formally deducible from the purely logical axioms 
of Principia Mathematica (9, chap. 1-3; 10). Rus- 
sell noticed, however, with considerable intellectual 
discomfort, that his definitions of natural numbers 
as classes of similar classes of individuals do not 
make Peano’s axiom that distinct numbers have 
distinct successors logically necessary. For suppose 
(what is conceivable without self-contradiction ) 
that the number of individuals (//) in the universe 
were some finite number n. Then the number n + 1, 
defined as the class of all classes with n+ 1 mem- 
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bers, would be the null class, since there would be 
no classes with n + 1 members. For the same reason, 
n+2 would be the null class. Hence, we would 
vet n+1=n+2, although n, being a nonempty 
class, is distinct from n+ 1. For reasons connected 
with the theory of types (a theory devised as a solu- 
tion of logical paradoxes, which we cannot and 
need not explain here), Russell saw no other es- 
cape from this difficulty than to postulate that the 
number of individuals is not finite (‘‘axiom of in- 
finity”) (9, chap. 13). 

Now, we have seen that n+1=n+42 follows 

from the assumption that the number of individ- 
uals is n, together with the Russellian definition 
of numbers as classes of similar classes. But if the 
number n+ 1 is, instead, defined as the attribute 
of a class) of having n+ 1 members, Russell’s 
conclusion does not follow. For though, on that 
assumption, both attributes would be empty (in- 
applicable), they would remain just as distinct as, 
say, the attributes of being a mermaid and of be- 
ing a golden mountain, and for just the same rea- 
son: they are defined as incompatible attributes. 
For example, the expressions “A has two members” 
and ‘A has three members” are so defined in Prin- 
cipia Mathematica (see the foregoing sample con- 
textual definitions) that it would be contradictory 
to suppose that the same class had both (exactly) 
two and (exactly) three members. Therefore, even 
if just one individual existed, the number 2 would 
retain its conceptual distinctness from the number 
3; and this argument, obviously, can be generalized 
for any finite number n and its successor. 

Apart from the question of the axiom of infinity, 
it is, within the framework of the logical analysis 
of mathematics contained in Whitehead and Rus- 
sell’s monumental Principia Mathematica, unim- 
portant whether numbers be conceived as classes 
(of classes) or as attributes (of classes), for names 
of classes are, in either case, contextually elimina- 
ble, according to Russell’s theory of classes as “in- 
complete symbols.” According to this theory, a 
statement that ascribes an attribute F to a class 
that is defined as the totality of entities that have 
attribute G is analyzed as follows: there is a predi- 
cative function 6 such that @ is formally equivalent 
to G and such that @ has F (/2). In this context, 
function means, not numerical function, but propo- 
sitional function, and for the present purposes 
propositional functions may be identified with at- 
tributes. Two attributes are “formally equivalent” 
if they apply to the same entities, and a predica- 
tive function is an attribute that does not presup- 
pose, in its definition, a totality of attributes. 

For a full understanding of this theory of classes, 
familiarity with the theory of types, especially the 
“ramified” theory with its distinction between the 
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type and the order of a function, would be re- 
quired (/3). But for the present discussion, all 
that matters is that in the “primitive” notation of 
Principia Mathematica, no names of classes but, 
instead, variables ranging over attributes ( propo- 
sitional functions) occur. For a semantic nominal- 
ist holds that the language of mathematics involves 
an obscure Platonism as long as there are in its 
primitive notation either names of, or variables 
ranging over, abstract entities; and he regards at- 
tributes as abstract entities (/4). 
ple, the simple statement that two individuals, x 


Take, for exam- 


and y, differ in at least two respects. This means 
that there is an attribute f and an attribute g such 
that f is not equal to g and such that x has f and 
y does not have f and x has g and y does not have 
g, or y has f and x does not have f and x has ¢ 
and y does not have g, and so on. But here f and 
g are variables ranging over attributes; therefore 
such an analysis is unacceptable to a semantic nom- 
inalist. 

Now consider the more complicated statement: 
2; 2-=4. The logical analysis performed by Frege 
and Russell shows that we do not have to regard 
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the symbols “2” and ‘4 as names of mysterious 
entities. Even the names “the class of all classes 
with two members” and “the class of all classes 
with four members” are, in principle, eliminable. 
But rid of, 


variables ranging over attributes. For if, in con- 


what cannot be got apparently, are 
formity with Russell’s view that classes are logical 
fictions, not real entities, we define numbers as 
certain kinds of attributes of attributes (in the 
sense in which “being a color,” for example, is an 
attribute of attributes, namely, of blueness, redness, 
and so on), we obtain the following analysis of 
2+2=4: for any attributes f, g, h, if just two in- 
dividuals have f and just two individuals have g 
and nothing has both f and g, and if an individ- 
ual has A if and only if it has either f or g, then 


just four individuals have fA (illustration: f = be- 
ing a coin in my left pocket at time to, g = being 
a coin in my right pocket at to, h = being a coin 


in one or the other of my pockets at fo). 

Is mathematics, then, irremediably Platonistic ? 
Or is there some way of eliminating attribute varia- 
bles so as to satisfy the demands of semantic nomi- 
nalism? The issue is a highly technical one, but 
the following suggestion should be intelligible to 
those without any knowledge of symbolic logic. 
As was explained in earlier paragraphs, the nomi- 
nalist insists that a predicate can be meaningful 
without being the name of anything. For this rea- 
son he refuses to transcribe (i) “x is red” into 
(ii) “x has the attribute redness.” From ii we may 
deduce (iii) “there is an attribute f such that x 
has f,” but since “is red” has meaning only in con- 
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text, it is not a name of a value of a variable. The 
deduction of iii from i is as illegitimate as the de- 
duction of (iv) “there is something which I am 
now thinking of” from (v) “I am now thinking of 
a unicorn.” The transition from v to iv is tempting 
because it is similar to the perfectly valid deduc- 
tion of (vi) “there is something which I am now 


eating” from (vii) “I am now eating an apple.” 
Sut, whereas we could not eat apples if there were 
no apples, we can think of unicorns in spite ol 
there not being any. If we allow the deduction of 
iv from v, we get entangled in a verbal contradic- 
tion, since the something which iv says I am think- 
ing of is, of course, a unicorn, and then there must 
be unicorns after all! To resolve the contradiction, 
the Platonist may say that the object of my thought 
is the attribute of being a unicorn, not a concrete 
unicorn. ‘The nominalist, on the other hand, criti- 
cizes the transition from v to iv on the ground that 
“unicorn” is not a name but a predicate (or part 
of the predicate “is a unicorn’). Correctly anal- 
yzed, v, unlike vii, does not assert a relationship 
between two independently existing entities but 
simply characterizes my thought as what we might 
call a “unicornish” thought. Similarly, “this is a 
picture of a unicorn” characterizes the picture as 
unicornish; it that the 
relation being a picture of to an independently 


does not mean this has 


existing entity—in the way that this is the meaning 
of “this is a picture of my son.” 

Bearing in mind the distinction between predi- 
cates (which may not be replaced by variables 
and names, 
2=4. To 


satisfy the nominalist, we must replace “have f,” 


ranging over some kind of entities) 
let us return to the logical analysis of 2 


where f represents a name of an attribute, with 
‘are f.” But then f, 
represent predicates, not 


g, and h become letters that 


~ 


names of attributes; 
hence, they are not variables over which we may 
“quantify,” as the logicians say. ‘The prefix (quan- 
tifier) “for any attributes f, g, h” 


ingly, be cut off, for the letters /, g, and h do not 


must, accord- 


represent names of attributes at all. 

What, then, is the law of arithmetic 2 + 2 = 4 in 
logical and, at the same time, nominalistic inter- 
pretation? The surprising answer is that there is 
not one such law, there is not a sentence contain- 
ing, besides variables, only logical constants which 
we can point to and say “this sentence expresses 
the arithmetical law that 2 and 2 make 4,” for “‘if 
just two individuals are f and just two individuals 
are g ” is a schema, not a statement; it does 
not express a proposition at all. In order to obtain 
propositions out of it, we must substitute specific 
predicates for the schematic letters in it, and there 
are as many such propositions as there are triplets 
of predicates applicable to individuals. If the lan- 
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euage of arithmetic is reconstructed nominalistic- 
ally, then, no laws of pure arithmetic can be formu- 
lated in the object-language—that is, the language 
which, whatever it may refer to, does not refer to 





symbols. Instead, one has to formulate in the meta- 
language (the language that is used to talk about 
the object-language) statements to the effect that 
any substitution instance of such and such a schema 
is logically true. 

This conclusion, of course, applies not only to 
the laws of arithmetic and of higher mathematics 
but also to the basic laws of logic. For example, 
consider the law of medieval logic, “what is true 
of all is true of any,” which, in symbolic logic, reads 
as follows: for any y, if all x’s have attribute f, 
then y has f. A Platonistic logician can refer to one 
logical truth expressed by the sentence: for any 
attribute f and for any individual y, if all x’s have 
{, then y has f. A nominalistic logician must ascend 
to the meta-language and there declare that every 
statement of the form “for any y, if all x’s are f, 
then y is f” is logically true (13). 


What Do the Ontological Questions Mean? 


To what extent a nominalistic reconstruction of 
mathematics is feasible is certainly an interesting 
technical problem that deserves investigation in its 
own right. But attempts at such reconstruction are 
usually motivated by a philosophic prejudice about 
what “really exists.” Being asked why he wants to 
get rid of variables ranging over attributes, the 
nominalist is likely to reply that he cannot admit 
the existence of attributes because the very notion 
is obscure to him. But even if the 


, 


of “attribute’ 
notion could be clarified to his satisfaction, he 
would probably remain reluctant to admit the 
existence of such entities. Thus, nominalists usu- 
ally concede that the notion of “class” is quite 
precise, and yet they cannot countenance classes 
as “real entities.” 

The main argument in support of the accusation 
that the meaning of the word attribute (and of its 
synonyms in philosophic literature: universal, prop- 
erty, intension of a predicate) is obscure is that it 
is not clear under which conditions two expressions 
can be said to designate the same attribute (/6). 
For example, is the attribute (of a number) of 
being equal to the product by itself the same as the 
attribute of being the successor of zero? Is the 
attribute of being a rectilinear closed figure with 
three sides the same as the attribute of being a rec- 
tilinear closed figure with three interior angles? 
We have here predicates which are interdeducible 
(logically equivalent), but it seems debatable 
whether they are synonymous. And the question 
of the criterion of synonymy is, indeed, difficult 
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and highly controversial in contemporary seman- 
tics (17). The same nominalists who frown on at- 
tributes find it easier to accept talk about classes 
precisely because the condition of identity of 
classes is clear and uncontroversial: A and B are 
the same class if, and only if, they have the same 
members. 

Now, this particular argument against “Platon- 
istic” discourse seems to me highly illogical. If 
“attribute” is held to be obscure on the ground 
that the identity condition for attributes is not 
clear, then one would expect that all is well with 
the identity condition for individuals—that is, 
those concrete entities, whatever they may be 
(material particles, observable things, qualitatively 
distinguishable events, space-time points), which 
alone really exist according to nominalist ontology. 
Yet, the identity condition for individuals that is 
usually accepted is Leibniz’ principle of the “iden- 
tity of indiscernibles,” which in modern logic is 
formulated thus: x = y if, and only if, for every at- 
tribute f, x has f if and only if y has f. Clearly, if 
such is the definition of identity of individuals, and 
a given kind of entity is deemed obscure to the 
degree that its identity condition is not clear, then 
the alleged obscurity of “attribute” must infect 
the term individual too. 

Two replies are open to the nominalist: (i) 
Since we realize that an explicit definition of iden- 
tity requires quantification over an attribute varia- 
ble, we do not explicitly define this logical constant 
at all. Instead, we lay down an axiom schema for 
identity which does the same job as the explicit 
definition. It says, in effect, that identicals may be 
substituted for each other without change of truth- 
value of the sentence into which the substitution 
is made, and contains a schematic predicate letter, 
not a quantifiable attribute variable: if Fx, and 
x=y, then Fy. (Note that, in accordance with the 
explanation given earlier, a single axiom or defini- 
tion is thus replaced by a family of axioms of the 
same form, namely, those that result from the sub- 
stitution of a predicate for the schematic letter F.) 
(ii) Identity is explicitly definable with the help of 
a class variable; hence, the intelligibility of “indi- 
vidual” exceeds that of “attribute” by at least as 
much as the latter is exceeded by the intelligibility 
of “class”: x = y, if and only if x and y are members 
of just the same classes of individuals. 

My rejoinder to i is that an exactly similar axiom 
schema can be laid down for identity of attri- 
butes.. That is, it is postulated that from “f is F” 
and “f=g’ we may deduce “g is F.” Here F is 
a schematic letter to be replaced by predicates 
that are applicable to attributes, not to individuals 
(for example, “is a color,” “is possessed by exactly 
two individuals,” “is a desirable attribute”). Con- 
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sequently, attributes and individuals are still in the 
same boat with regard to the alleged obscurity of 
the identity condition. As rejoinder to ii, obviously 
just the same kind of explicit definition of identity 
of attributes can be given. Attribute f is the same 
as attribute g if, and only if, f belongs to just the 
same classes of attributes that g belongs to. 

The argument from the identity condition, there- 
fore, does not establish the superior intelligibility 
of nominalistic discourse. Independent arguments 
are needed. Perhaps the basic argument is the sim- 
ple “common-sense” argument that the only way of 
proving the existence of anything is sense perception 
or inference from perceived things or events to un- 
perceived things or events, in the manner of the 
physical scientist. But attributes cannot be_per- 
ceived by the senses, nor does the postulation of the 
existence of attributes explain the nature of the 
perceived world in the way in which the theory of 
electrons, say, explains observed phenomena. 

Nevertheless, the assertion that attributes are 
“abstract,” not given in sense experience, should 
not be uncritically accepted. There are many sim- 
ple qualities which recur in our sense experience 
and which, by this criterion, are universals. We 
see the same shade of blue in different patches 
or in different parts of the same patch, hear the 
same pitch in different sounds, taste the same taste 
in different portions of the milk we drink. It is 
likewise artificial to deny that we have direct ex- 
perience of relational universals—for example, of 
the relation of temporal succession and the rela- 
tion of spatial proximity. The counterargument 
that it is not, after all, certain that precisely the 
same quality recurs presupposes that one under- 
stands what it would be like to perceive exactly 
the same quality in different contexts. But since 
the expressions “exactly the same shade of blue,” 
“exactly the same pitch,” and so on, can be ex- 
plained only ostensively (18) (you point, say, to 
adjoining parts of the same expanse and say “see, 
they, for example, are the same shade of blue 
that is what I mean by ‘same shade of blue’’’), 
this argument is really self-defeating. At any rate, 
the argument from the limits of sensory discrimina- 
tion is hardly relevant to the question of the exist- 
ence of mathematical attributes. For (natural) 
numbers may be regarded as attributes of attributes 
of individuals; that is, the number n is the attribute 
(of an attribute) of having n instances, and to 
deny that two attributes f and g have the same num- 
ber is to deny that their instances can be matched 
one by one. But surely there are attributes that 
have the same number in this sense—for example, 
being a finger on my left hand and being a finger 
on my right hand. And if there are attributes that 
have the same number, does it not follow that 
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there are attributes? What, then, is the argument 
between the nominalist and the realist all about? 

Indeed, it is difficult if not impossible to attach 
any sense to the “ontological” question about 
whether there are attributes (79). If someone asks 
me this question, my natural reaction is, “why, of 
course there are: h'ueness, roundness, hardness, 
twoness, and millions more.” If he denies that these 
are examples of attributes, then he cannot mean 
by attribute what is ordinarily meant by the word, 
for one explains its meaning in terms of just such 
examples before entering into the more technical 
explanation of what, in general, distinguishes attri- 
butes from other types of entities, like individuals, 
or classes, or propositions. ‘To deny that roundness 
is an attribute would be as absurd as to deny that 
5 is a number, or that parenthood is a relation, o1 
that the desk I am writing on is a thing. But if 
it is not denied, then one cannot deny, either, that 
there are attributes, since, according to elementary 
logic, any statement of the form “a is f{” entails 
“there is an x (at least one) such that x is f.”’ In 
the terminology of some contemporary analytic 
philosophers of language, the ontological statement 
is really a trivial analytic statement that cannot 
be denied if one understands the intended meaning 
of the type designation, like attribute, relation, 
class, and so on (20). 

To be sure, if one cannot countenance entities 
other than particular things because one cannot 
understand how somehing can “be” without hav- 
ing a tangible and visible existence at a particular 
place (one at a time!), then one’s intellectual dis- 
comfort is just self-imposed through the fallacy 
of “reification”: one is just naively associating with 
the expression “there are” images of spatially lo- 
cated things. One might, for example, be made 
intellectually uncomfortable by a mathematician’s 
statement that the number 0 exists. According to 
the Russellian class conception of numbers, the 
number 0 is a very peculiar class: the unit class 
whose only member is the null class. But how can 
a class be said to exist unless it has an existing 
member? And is not the null class, by this very 
criterion of class existence, nonexistent? Yet, in the 
sense of “there is” which is implicitly defined by 
the entailment (which was given in the last para- 
graph), “if a is f, then there is an x such that x 
is f,” the statement “there is a class which is the 
null class” is just a trivial consequence of the logi- 
cally true statement, “there is nothing which is dis- 
tinct from itself’ (in class terminology, the class of 
things that are not self-identical is null) as well 
as a trivial consequence of any logically true state- 
ment of the form “there is nothing which both is 
and is not f.” The puzzle about how such shadowy, 
ghostly entities as the null class, and therewith the 
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number 0, can exist arises only because one associ- 
ates with the expressions “there is” and “there 
exists” images of spatial location, although they 
function purely as logical constants in the context 
of mathematical existence assertions: “there is 
something which is f” means no more nor less than 
“not everything is not f.” 

Most existential statements that occur in every- 
day discourse refer to physical objects or events 
that exist, or occur, at some place and at some time 

or at some place-time, in relativistic language. 
From this derives the habit of associating with the 
logical constant “there is” and its variants, images 
of spatial localization. It is only these associations, 
and the failure to understand the purely logical 
nature of such existential statements as “the null 
class exists,” “there are classes,” “there are attri- 
butes,” which produces intellectual discomfort. 

To be sure, some mathematicians and logicians 
reject an existential statement “there is an x such 
that x is /’” as meaningless in a case where it can- 
not be proved by deduction from a provable cor- 
responding singular statement “a is f.” They are 
sometimes called “intuitionists,” sometimes “‘fini- 
tists.” They reject merely indirect proofs by the 
reductio ad absurdum method: there is an x such 
that x is f, because if you assume that there is no 
such x you get involved in a contradiction, whence 
it follows that the assumption is false; and if the 
contradictory of a proposition p is false, then p is 
true (law of the excluded middle). 

A well-known application of this “‘finitist” meth- 
odology of mathematics is the rejection of Zer- 
melo’s axiom of choice. This is the following exist- 
ence assertion: for any class AK of mutually 
exclusive and nonnull classes, there is a class which 
contains exactly one member from each member 
of K (“multiplicative class”). Now, in order to 
prove that a given class is a multiplicative class 
with respect to K, one must define it in terms of 
a method of selection of its members from the 
members of K. For example, let K be the class of 
all mutually exclusive pairs of integers. Here, a 
multiplicative class is easily defined as the class 
to be constructed by picking, say, the smaller in- 
teger from each pair. On the other hand, consider 
the class K which is formed as follews: we first 
take the class of proper fractions between 0 and 1, 
then the class of proper fractions between | and 2, 
then the class of proper fractions between 2 and 3, 
and so on, Obviously, the members of K are classes 
that have no members in common, since the inte- 
gers that delimit the intervals are not themselves 
proper fractions. But now it is a little less obvious 
that one can describe a method of constructing 
a multiplicative class. The classes from which the 
members of the multiplicative class are to be 
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selected have neither a first nor a last member, 
since between any proper fraction and the 
“closest” integer, there is another proper fraction. 
One might think of representing each class by its 
“mid-point,” perhaps—that is, by that fraction 
which equals the arithmetic mean between the in- 
tegral limits. But this method of selection becomes 
unavailable for the following class K: the class 
of proper fractions between 1/2 and 3/2, limits 
excluded, then the class of proper fractions between 
3/2 and 5/2, limits excluded, and so on. For here 
the “mid-points” are integers, not proper fractions. 
Perhaps there is still a method of selection with 
respect to this K, but do we have any guarantee 
that for any class of mutually exclusive nonnull 
classes a method of constructing a multiplicative 
class can be described? Certainly not. 

Russell mentions, in his Introduction to Mathe- 
matical Philosophy (9, p. 126), the class of all 
pairs of socks in order to illustrate that it is not 
self-evident that there is a “selector” for defining 
a multiplicative class with respect to a class of 
mutually exclusive nonnull classes. A multiplicative 
class, here, could be defined only if there were a 
property which just one sock in each pair possessed, 
say being the left sock, or being the red sock, and 
so on. The finitist concludes that it is meaningless 
to assert the axiom of choice in complete gener- 
ality. He holds that it is meaningless to assert that 
there is a multiplicative class with respect to a 
given class of classes unless one can give a rule for 
constructing one. And this fits into his general 
methodological requirement that existence theorems 
be proved “constructively”’—that is, by exhibiting 
an instance, or a rule for constructing an instance, 
that satisfies the existence theorem (2/). 

But, however the methodological dispute be- 
tween finitists and “realistic” mathematicians who 
wish to continue using nonconstructive proof meth- 
ods (such as the reductio ad absurdum method by 
which Euclid discovered the irrationality of the 
square root of two) may be resolved, it really has 
no bearing on the ontological pseudo-questions, 
“are there classes?” “are there attributes?” and so 
on. For suppose we accept the finitist interpretation 
of “there is an x such that x is f” as meaning “there 
is at least one constructively provable statement of 
the form ‘x is f’,” where x ranges over abstract en- 
tities like numbers or classes. What should prevent 
one who has a penchant for asking ontological 
questions from asking whether there really are 
such abstract entities? The very asking of a ques- 
tion of the form “is there a number with property 
/,” he might say, presupposes that there are num- 
bers (22), whatever proof technique one may 
use to answer it. This presupposition, however, can 
be established quite easily by citing examples of 
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numbers. To be sure, no philosopher who regards 


the existence of numbers and other abstract en- 
tities as problematic would be satisfied with the 
ironical answer: “Of course, there are numbers: 


2,5, 7, and many, many others.” But the trouble 
with the ontological question is just that no method 
of finding the answer has ever been described by 
those who keep asking it. And this means not that 
we do not know the answer but that we do not 
understand our own question. 

There is but one interpretation of the ontological 
question that makes it both intelligible and inter- 
esting, and this is an interpretation that turns it 
into that semantical-logical question which was 
touched on earlier in this article. What exactly did 
Russell mean by the assertion that classes are not 
real entities but are just “incomplete symbols”? ‘The 
best way to discover the meaning of a statement is 
to look at the reasons offered in support of it. Now, 
Russell’s reason for denying the reality of classes 
was that statements that contain names of classes 
or class variables are satisfactorily translatable into 
a symbolism which does not contain such expres- 
sions. (‘lo take a simple example: “the class of dogs 
is included in the class of animals” means “for 
any x, if x is a dog, then x is an animal.”) I pro- 
pose to identify this reason for the denial of the 
reality of classes with the meaning of the denial. 
Similarly, the nominalist who denies the reality of 
any kind of abstract entities may be interpreted as 
affirming that the meanings of statements that con- 
tain names of, or variables ranging over, abstract 
entities can be analyzed by means of a language 
that satisfies nominalistic requirements. Whether a 
nominalistic language is clearer, more intelligible, 
than a realistic language is, of course, debatable ; in- 
deed, this may be a matter of taste, of arational 
preference. But it must be admitted, I think, that 
the modern semantical interpretation of the time- 
honored (or time-dishonored) nominalism-realism 
dispute has the merit of making it scientifically 
meaningful, although it may be countered that, for 
this very reason, it is misleading to call this modern, 
semantical-logical issue by the same name because 
one thus seems to accuse those who prefer the one 
or the other type of language of a subconscious ad- 
diction to realistic or nominalistic “ontology.” 
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ASSOCIATION AFFAIRS 


Preliminary Announcement of Indianapolis 
Meeting and Call for Papers by AAAS Sections 


The annual meeting of the American Associa- 
tion for the Advancement of Science for the year 
1957, 26-31 Dec., will be the 124th national 
meeting. It will be the association’s first meeting 
in the Midwest in 5 years and a return to Indian- 
apolis, for the fourth time, after an interval of 
20 years. Among those present will be a sizable 
number who can recall the successful AAAS meet- 
ing of 1937 and a whole generation of younger 
research scientists, teachers, and other science- 
minded professional men and women. 

The fundamental, original purpose of the as- 
sociation when it was founded in September 1848, 
was “. . . by periodical and migratory meetings to 
promote [exchange of ideas among| those who are 
cultivating science.” The annual meeting is still a 
major activity of the AAAS. With some 53,000 
members and 271 affiliated scientific organiza- 
tions, the association more than ever is prepared 
to consider matters of concern to all scientists and 
to society. The sessions of the 18 sections, which 
embrace all principal fields of science, and of the 
participating societies both meet the interests of 
specialists and provide unique opportunities for 
interdisciplinary programs. In recent years the 
association has also increasingly recognized its 
responsibility to inform the general public on de- 
velopments in science and its obligation to assist 
in the encouragement of qualified young people 
to prepare for and enter careers in science, en- 
gineering, and education. The programs this year 
will reflect these objectives. 

Center of the meeting will be the attractive and 
well-equipped Murat Temple which, with its 
capacious theater and three levels, will accom- 
modate the larger sessions, the Annual Exposition 
of Science and Industry, the AAAS Main Regis- 
tration-Information Center, AAAS Office, and the 
AAAS Science Theatre. The Temple will be the 
site of the AAAS Smoker for all registrants on 
the evening of 29 Dec. The Turners Athenaeum, 
immediately across the street, will provide addi- 
tional session rooms. Although the Murat ‘Temple 
and the Athenaeum are within walking distance 
of all downtown hotels there will also be special 
AAAS buses which will operate at frequent in- 
tervals between the Temple and the hotels. These 
will make it possible for everyone to visit the 
large-scale exhibits of the latest in the tools and 
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materials scientists use and many of the technical 
accomplishments of large industries. 

Among the downtown hotels, which have guar- 
anteed a minimum of 2500 rooms for the AAAS, 
the remodeled Claypool will serve as AAAS head- 
quarters. The Antlers has been assigned to the 
four science teaching societies, and the Marott to 
the American Astronomical Society. Other hotel 
headquarters assignments in the Sheraton-Lincoln, 
Continental, Severin, Warren, and Washington 
are announced in the advertising pages, along 
with housing reservation and advance registration 
coupons. As usual, advance registrants will receive 
the book-size General Program-Directory early in 
December by first class mail. 

Local committees. No AAAS meeting could suc- 
ceed without the interest and substantial assistance 
of local members and friends of the association. 
General chairman of the fourth Indianapolis Meet- 
ing is Adam H. Fiske, vice president, Eli Lilly and 
Company, and he has appointed the following as 
chairmen of their respective committees: Advis- 
ory, H. ‘T. Pritchard, president, Indianapolis Power 
and Light Company; Exhibits, Edward B. Newill, 
president, Allison Division, General Motors Cor- 
poration; Finance, Joseph E. Cain, president, P. 
R. Mallory Company; Housing, William A. At- 
kins, president, Severin Hotel Company; Physical 
Arrangements, Newton G. Sprague, science and 
mathematics consultant, Indianapolis Public 
Schools; Public Relations, James W. Carr, Sr., ex- 
ecutive secretary, Riley Memorial Association. An 
Honorary Reception Committee will also be 
formed. 

Programs. Among the evening events will be 
the AAAS Presidential Address and Reception, 28 
Dec. President Laurence H. Snyder will preside 
and Paul B. Sears will give his address as retiring 
president. The combined Sigma Xi-RESA address 
and the annual address of the United Chapters of 
Phi Beta Kappa are planned for 27 Dec., and the 
annual lecture and film of the National Geo- 
graphic Society is scheduled for 29 Dec., preceding 
the AAAS Smoker. 

The evening of 26 Dec. and the afternoon of 
27 Dec. have been reserved for the two sessions 
of the AAAS General Symposium, “Moving fron- 
tiers of science II: Concepts that mold our lives,” 
organized by the Committee on AAAS Meetings. 
Three eminent speakers, three panelists, a modera- 
tor, and a summarizer, all of whom will have met 
together well in advance, will discuss relativity, 
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organic evolution, and the individuality of man. 
Because of the general interest of this program, all 
AAAS sections and most of the participating so- 
cieties have scheduled no sessions concurrent 
with it. 

The 11th annual Junior Scientists Assembly, 
sponsored by the association’s Academy Confer- 
ence and cosponsored by the AAAS as a whole 
a full afternoon program for high-school students 
interested in careers in science—will be arranged 
by a committee, of which Richard Armacost, de- 
partment of biology, Purdue University, is chair- 
man. The Academy Conference, composed of 
representatives of the 41 academies of science 
affiliated with the AAAS, this year will be con- 
cerned in large part with ways and means to assist 
the junior academies. 

The sixth Conference on Scientific Editorial 
Problems will consider various aspects of com- 
munications and technical writing and editing. 
This year’s program committee is headed by 
George L. Seielstad, Applied Physics Laboratory, 
Johns Hopkins, Silver Spring, Md. The recurrent 
Conference on Scientific Manpower, this year with 
two sessions described later, again will be ar- 
ranged by a committee with Thomas J. Mills, 
National Science Foundation, as chairman. As 
the following synopsis of programs indicates, there 
will be interesting and important programs in all 
principal fields of science. The names given within 
parentheses are section officers or program chair- 


men. 
Mathematics (A) 
Section A (C. C. MacDuffee, University of Wis- 


consin) will sponsor an important symposium on 
the teaching of mathematics, to be arranged by 
John R. Mayor, director, AAAS Science Teaching 
Improvement Program. It will be cosponsored by 
the association as a whole and by the AAAS Co- 
operative Committee on the Teaching of Science 
and Mathematics. A session for invited and con- 
tributed papers on the mathematics of guided 
missiles is scheduled for 28 Dec. and the vice presi- 
dential address will be given by Mina Rees, 
Hunter College. 

The recently affiliated Association for Comput- 
ing Machinery (James E. Robertson, Digital Com- 
puter Laboratory, University of Illinois), will hold 
one of its two annual national meetings with the 
AAAS in Indianapolis. 


Physics (B) 
Section B (J. Howard McMillen, National Sci- 


ence Foundation) has scheduled a_three-session 
symposium, “Spectroscopy,” of 13 papers, arranged 
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by K. W. Meissner, Purdue University, covering 
experimental, theoretical, and applied aspects of 
the subject. Part I, Friday morning, 27 Dec., will 
be devoted to wavelength standards, vacuum ultra- 
violet spectroscopy, and isotope shift. The second 
session on Saturday morning will deal with the 
spectra of lanthanides and actinides and with 
Lamb shift. ‘Two papers to be given in the after- 
noon session of Saturday concern the theory of 
atomic spectra and the theory of spectra of di- 
atomic molecules. ‘Two other papers will be de- 
voted to applications of spectroscopy. ‘The speakers 
will be: V. A. Fassel and W. A. Gordon, Iowa 
State College; Mark Fred, Argonne National 
Laboratory; Gerhard Herzberg, National Research 
Council of Canada, Ottawa; Julian E. Mack, Uni- 
versity of Wisconsin; J. Rand McNally, Jr., Oak 
Ridge National Laboratory; William F. Meggers, 
National Bureau of Standards; K. W. Meissner, 
Purdue University; R. S. Mulliken, University of 
Chicago; F. Rohrlich, State University of Iowa; 
Charlotte M. Sitterly, National Bureau of Stand- 
ards; Frank S. Tomkins, Argonne National Lab- 
oratory; R. Tousey, U.S. Naval Research Labora- 
tory; and P. G. Wilkinson, University of Chicago. 

Special talks on neutrino physics, solid-state 
physics, and high-temperature plasma will also be 
given. 

The physicists’ dinner, 27 Dec., will be joint 
with Sigma P1 Sigma (James M. Kortwright, Pur- 
due University) and will be followed by the vice- 
presidential address of Section B given by William 
F. Meggers, with Raymond T. Birge, University of 
California, presiding. 

The American Meteorological Society (Kenneth 
Spengler, AMS, Boston) will cosponsor appro- 
priate sessions. 

Chemistry (C) 

The program of Section C (F. E. Cislak, Reilly 
Tar & Chemical Corporation, Indianapolis) will 
consist of a two-session symposium on acetylene 
chemistry, another two-session symposium on 
pyridine chemistry, a series of sessions for con- 
tributed papers, and a vice presidential address by 
Cislak. 

Alpha Chi Sigma (R. L. Hicks, Broad Ripple 
High School, Indianapolis) will have a dinner 
meeting and address for all chemists. 

Astronomy (D) 

The American Astronomical Society (J. Allen 
Hynek, Smithsonian Astrophysical Observatory, 
Cambridge, Mass.) has scheduled its 99th national 
meeting with the AAAS, 27-30 Dec. The J. I. 
Holcomb Observatory and Planetarium of Butler 
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University (Harry E. Crull, director) is cooperat- 
ing. Features of the program will be the Helen 
Warner prize lecture, a symposium, “Distribution 
and evolution of intrinsically variable stars,’ and 
the annual dinner at which the vice presidential 
address of Section D will be given by Peter van de 
Kamp, Swarthmore College, with Chester B. 
Watts, U.S. Naval Observatory. presiding. With 
the AAS providing a full program of sessions for 
contributed papers and other events, Section D’s 
program will be restricted to cosponsorship of the 
AAS program and the retiring vice presidential 
address. 

The Astronomical League (Grace GC. Scholz. 
Mason Hall Apartments, Alexandria, Va.) will 
have a half-day session. 


Geology and Geography (E) 


The program of Section FE (Frank C. Whitmore, 
Jr., and Louis L. Ray, U.S. Geological Survey, 
Washington, D.C.) includes a symposium on the 
history of geology cosponsored by Section L; a 
symposium on karst phenomena, arranged by Wil- 
liam E. Davies, U.S. Geological Survey, Washing- 
ton, D.C., jointly with the National Speleological 
Society; a two-session symposium on the stratig- 
raphy and structural geology of the Michigan and 
Illinois basins area; a_ four-session symposium, 
“Continental glaciation and its geographic im- 
portance as an environmental factor” with special 
emphasis on the midwestern states; and_ sessions 
for contributed papers in both geology and geog- 
raphy, these last jointly with the Association of 
American Geographers (Louis L. Ray, U.S. Geo- 
logical Survey, Washington, D.C.) , which will also 
cosponsor the glaciation symposium. As usual, the 
Geological Society of America will cosponsor all 
geologic sessions, including the Section E Smoker 
at which the retiring vice presidential address of 
Paul F. Kerr, Columbia University, will be given 
with Robert R. Shrock, MIT, presiding. 

The National Speleological Society (Thomas C. 
Barr, Jr., 1100 Clifton Lane, Nashville, Tenn.), 
in addition to cosponsoring Section E’s karst sym- 
posium, will have a session for papers and a sym- 
posium, “Caves and cave fauna of the Ohio River 
valley” on 28 Dec. The National Geographic So- 
ciety will have its customary outstanding lecture 
and accompanying film on the evening of 29 Dec. 
Zoological Sciences (F) 

Section F (Harold H. Plough, Amherst Col- 
lege) will have sessions for contributed papers and 
demonstrations in several fields of zoology, co- 
sponsored, it is anticipated, by appropriate so- 
cieties; a symposium, “Recent advances in the 
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understanding of pituitary function,” arranged by 
W. R. Indiana 
symposium, “Some 

II,” jointly with Section G; 


Breneman, University; a two-ses- 


sion unsolved problems in 


biology another sym- 


posium, “The geographic distribution of contem- 
porary organisms”; a business meeting; and a 
cinner for all zoologists, jointly with the Society 


Systematic Zoology, at which E. Raymond Hall. 
University of Kansas, will give the vice-presidential 
idress of Section F. A symposium on radiation 
biology, sponsored by the Argonne National Labo- 
ratory (Austin M. Brues 
‘The national meeting of the Society of System- 
atic Zoology (R. E. Blackwelder, St. John Fisher 
Rochester, N.Y.) will follow the pattern 


meetings, with sessions for 


, is planned. 


College, 
of forme contributed 
papers and demonstrations, one or more panels or 
mposia, evening lecture ~ & ay and a bu iness 
ni ctine. A feature will be the annual SSZ Library 


and | nge for all zoologists. 


Biological Sciences (FG) 
Beta Beta Beta Honorary Biological 
Mrs. Frank G. Procks, Box 336, Madison Square 
Station, New York 10, N.Y.) will hold its regular 
biennial meeting with the AAAS. ‘The program 
will be 


Society 


a business meeting, luncheon, and address 
on 27 Dec. The Ecological Society of America 
(Stanley A. Cain, University of Michigan) will 
have its usual regional meeting with the association 
and plans three or more sessions for contributed 
papers and cosponsorship of appropriate symposia. 

The annual national meeting of the National 
Association of Biology Teachers (Irene Hollen- 
beck, Southern Oregon College of Education) will 
begin with business meetings 26 Dec. It will in- 
clude a separate session on “Outdoor biology” and 
a luncheon on 27 Dec., a joint meeting with the 
ANSS, NARST, NSTA, 
Methods techniques: problem-solving in 
biology” on 28 Dec., with J. Darrell Barnard, New 
York University, the keynote speaker. A_ field 
trip with the American Nature Study Society, 29 
Dec., will conclude their meeting. It is expected 
that the American Society of Naturalists (Bruce 
Wallace, Cold Spring Harbor, N.Y.) will either 


arrange a symposium or cosponsor one in the F, 


and and a session on 


and 


FG, or G series. 
Botanical Sciences (G) 

In addition to “Some unsolved problems in 
biology II,” jointly with Section F, Section G 
Barry Commoner, Washington University) will 
have sessions for contributed papers in the prin- 
c.pal fields of botany, cosponsored probably by 
the American Society of Plant Physiologists, the 
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Ecological Society of America, and others. Other 
symposia are planned, and, following the annual 
botanists’ dinner, the vice presidential address of 
Section G will be given by Harry J. Fuller, Uni- 


versity of Illinois. 





Anthropology (H) 


The plans of Section H (Gabriel W. Lasker, 
School of Medicine, Wayne State University) are 
yet to be announced but probably will include 
one or more symposia and the vice-presidential 
address of William L. Straus, Jr., of Johns Hop- 


kins University. 
Psychology (1) 


Section I (Clifford 'T. Morgan, Town Point, 
Cambridge, Md.) will have six sessions of invited 
papers covering the principal areas of research 
activity in psychology. ‘The vice presidential ad- 
dress will be given by Neal Miller of Yale Uni- 
versity. 

The Society for Research in Child Development 
(Dale B. Harris, Institute of Child Welfare, Uni- 
versity of Minnesota) is planning a regional meet- 


ing. 
Social and Economic Sciences (K) 


Section K and the National Academy of Eco- 
nomics and Political Science (Donald P. Ray, 
George Washington University) will jointly spon- 
sor a symposium of general interest, “The social 
aspects of urban agglomeration.” The three papers 
of this session, cosponsored by the American Eco- 
nomic Association, will deal with metropolitan 
expansion and public administration, the economic 
implications of urban growth, and statistical pro- 
gramming for problems of urban agglomeration 
this last the vice-presidential address of Stuart 
A. Rice. Pi Gamma Mu, the national honorary 
society in the social sciences, it is anticipated, will 
have a dinner for the speakers. In addition, for 
the first time in many years, Section K will open 
sessions for contributed papers in the social and 
economic sciences. 

The American Sociological Society (Raymond V. 
Bowers, Air Research and Development Command, 
and Conrad Taeuber, Bureau of the Census) will 
have a special meeting with the AAAS, and the 
American Political Science Association (Evron M. 
Kirkpatrick, APSA, Washington, D.C.) is consid- 
ering a special program jointly with Section K. 

The Society for the Advancement of Criminol- 
ogy (Donal E. J. MacNamara, New York Insti- 
tute of Criminology) will have a four-session sym- 
posium, “Advances in scientific criminology,” two 
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luncheons with speakers, and an evening seminar 
on crime and police problems. 

The American Statistical Association (Virgil 
L. Anderson, Statistical Laboratory, Purdue Uni- 
versity) is planning a regional meeting, and the 
Metric Association (J. ‘T. Johnson, Claremont, 
Calif.) may have a joint program with Section C 


or Np. 
History and Philosophy of Science (L) 


The program of Section L (C. Doris Hellman, 
c/o Pepper, 1065 Lexington Ave., New York 21, 
N.Y.) will include a symposium, “Man’s chang- 
ing view of his place in nature,” a session for con- 
tributed papers, and a business meeting, all on 
29 Dec. The Philosophy of Science Association 
(C. West Churchman, Case Institute of ‘Tech- 
nology) is planning several sessions, and the 
Society for General Systems Research (Richard L. 
Meier, 1137 E. Ann St., Ann Arbor, Mich.) will 
hold its annual meeting with the AAAS. One ses- 
sion will be “Organization—for humans, cells, and 
artifacts.” 

Engineering (M) 

Section M will have a symposium of several 
sessions (Irving P. Orens, Newark College of En- 
gineering) on “Measuring man’s environment: the 
physical. effects on man of light, temperature, 
sound, and air,’ cosponsored by the American In- 
dustrial Hygiene Association and others. ‘The En- 
gineering Manpower Commission will cosponsor 
the sessions of the Conference on Scientific Man- 
power. 

Medical Sciences (N) 

As in previous years, Section N will have a four- 
session symposium, the participants of which come 
from all parts of the continent. This symposium, 
cosponsored by the Society for Investigative Der- 
matology and the American Medical Association 
Committee on Cosmetics, is scheduled for 28 and 
29 Dec. This year’s subject, “The human integu- 
ment: normal and abnormal” (Veronica L. Con- 
ley, AMA, Chicago) will include papers on the 
biochemistry and physiology of the normal skin, 
pathological conditions such as melanosis, and the 
therapeutic principles involved in correcting ab- 
normalities; included will be the vice-presidential 
address of William B. Bean, and the announce- 
ments of the 13th Theobald Smith award, given 
by Eli Lilly and Company, the third AAAS-Anne 
Frankel Rosenthal Memorial Award in Cancer 
Research, and the second AAAS-Ida B. Gould 


Memorial Award for Research on Cardiovascular 
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Problems. Section N will cosponsor a variety of 
appropriate programs. 

Alpha Epsilon Delta (Maurice L. Moore, na- 
tional secretary) will have its customary morning 
session—this year on the coordination and _ inte- 
gration of undergraduate and_ professional edu- 
cation in the health sciences—the annual luncheon 
with a speaker of prominence, and a tour of the 
facilities of the Indiana University Medical 
Center. 

The American Psychiatric Association (Milton 
Greenblatt, Massachusetts Mental Health Center. 
Boston) will have a multisession symposium on the 
social aspects of tranquilizing drugs. Details of 
the special programs of the American Association 
of Hospital Consultants (Jacque B. Norman, 
Greenville, S.C.) and the American Physiological 
Society (Fred A. Hitchcock, Ohio State Univer- 
sity) are not yet available. 


Dentistry (Nd) 


The two-day program of Section Nd (Maynard 
K. Hine and Joseph C. Muhler, School of Dentistry, 
Indiana University, Indianapolis) , 27 and 28 Dec., 
will be centered at the Indiana University Medical 
Center. A three-session symposium, ‘The pharma- 
cology and toxicology of fluorine,” will deal with 
the effects of fluoride on the body excluding dental 
caries, with particular reference to cardiovasculai 
diseases, kidney diseases, mortality and morbidity 
rates, effect on enzymes, effects of fluoride reten- 
tion within the body, and a comparison between 
fluorides provided from natural and artificial 
sources. One or more sessions for contributed 
papers on fluoride will probably be opened, and 
group luncheons are planned. The entire program 
of the section will be cosponsored by the American 
College of Dentists, the American Dental Associa- 
tion, and the International Association for Dental 
Research, North American Division. 


Pharmacy (Np) 


The four-day program of Section Np (John E. 
Christian, School of Pharmacy, Purdue Univer- 
sity) begins 27 Dec. with a morning session for 
contributed papers and continues with symposia, 
“The latest developments in the tranquilizer field 

pharmacological, chemical, and clinical” and 
“Recent trends in new medication.” Other ses- 
sions, for contributed papers, will include those 
of the American Society of Hospital Pharmacists 
(George E. Archambault, Pharmacy Branch, 
USPHS, Washington, D.C., in collaboration with 
Joseph Oddis, American Hospital Association, Chi- 
cago). There will be a pharmacists’ dinner, a vice- 
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Anderson, Eli 


Lilly and Company, and a social hour 28 Dec. 


presidential address by Robert C 


After the session for contributed papers on 10 Dec. 
a half-day tour of the Eli Lilly laboratories is 
planned. Section Np’s entire program will be co- 
sponsored by the American Association of Colleges 
of Pharmacy, the American College of Apothe- 
caries, the American Pharmaceutical Association, 
Scientific Section, and the American Society of 


Hospital Pharmacists 
Agriculture (O) 


Section O (L. P. Reitz, Plant Industry Station, 
Beltsville, Md.) will have a four-session symposium 
on the biological and chemical control of plant 
and animal pests, 28-29 Dec., followed by two o1 
more sessions for volunteer papers restricted to the 
same subject. 

Industrial Science (P) 

Section P (Frank C. Croxton, Battelle Memorial 
Institute) will have its second Industrial Citation 
Dinner on 26 Dec., a symposium of interest to 
leaders in industry the morning of 27 Dec., fol- 
lowed by a luncheon at which the retiring vice- 
presidential address of Monroe E. Spaght, Shell 
Oil Company, New York, will be given. 


Education (Q) 


The program of Section Q (Herbert A. Smith, 
University of Kansas) includes two sessions joint 
with the International Council for Exceptional 
Children, 26 Dec.; two sessions joint with the 
American Educational Research Association, 30 
Dec.; some four sessions for contributed papers, 
28-30 Dec.; a business meeting, 29 Dec., with the 
vice-presidential address of Arthur E. Traxler, 
Educational Records Bureau, New York, preceding 
it. The AAAS Cooperative Committee on the 
Teaching of Science and Mathematics Jernard 
B. Watson, 2806 Blaine Drive, Chevy Chase, Md. 
will cosponsor Section A’s symposium on the teach- 
ing of mathematics. 

The four science teaching societies meeting with 
the AAAS (coordinator, Paul Klinge, Thomas Carr 
Howe High School, Indianapolis) will have a joint 
mixer the evening of 27 Dec. The joint session 
the morning of 28 Dec. will complement the pre- 
ceding AAAS General Symposium, “Concepts that 
mold our lives.” The speakers and panel members 
will cover relativity,, organic evolution, and the 
individuality of man with special reference to the 
implications for teachers and those whom they 
teach. 

The separate portions of the program of the 








regional meeting of the National Science Teachers 
Association (Richard W. Schulz, Emmerich Man- 
ual ‘Training High School, Indianapolis, and Rob- 
ert H. Carleton, NSTA, Washington, D.C.) con- 
sists of a meeting of the executive committee. a 
session and industrial field trips on 27 Dec., and 
three other The Na- 
tional Association for Research in Science Teach- 
ing (George G. Mallinson, Western Michigan Uni- 
will have a two-session symposium, “Re- 


sessions on 28 and 29 Dec. 


versity ) 
cent research in science education,” on 27 Dee. 
Science in General (X) 

The annual Academy Conference (Father P. 
H. Yancey, Spring Hill College, Mobile, Ala. 
composed of delegates and other members of the 
tl academies affiliated with the association, will 
hold a day of sessions, 28 Dec., concluding with 
the annual dinner and _ presidential address by 
Mrs. B. G. Heatwole, Staunton, Va. Of particu- 
lar concern this year will be a consideration of 
the proposals of the conference on junior acad- 
emies held in Chicago, 15-16 Feb. The Academy 
Conterence will sponsor the 11th annual Junior 
Assembly (Richard R. Armacost, Pur- 
the afternoon of 28 Dec. 


Scientists 
due University 

The American Geophysical Union (Edward M. 
Brooks, Saint is planning a 
regional meeting and will cosponsor appropriate 


Louis University) 
programs 

The program of the annual national meeting 
of the American Nature Study Soctety (Richard L. 
Weaver, University of Michigan) begins with a 
board meeting 26 Dec. and includes, besides joint 
sessions with the science teaching societies, general 
sessions the morning of 27 Dec. and afternoon of 
28 Dec. The annual dinner is 28 Dec., the annual 
showing of kodachromes, the evening of 29 Dec., 
following the joint field trip with the National 
Association of Biology ‘Teachers. 

The Association of Technical Writers and Edi- 
tors (Richard Frehsee, International Business 
Machines Corporation, Endicott, N.Y.) may have 
sessions of its own in addition to participating in 
the program of the Conference on Sctentific Edi- 
torial Problems mentioned earlier. 

The recurrent Conference on Scientific Man- 
power (Thomas J. Mills, National Science Foun- 
dation) is planning two sessions of invited papers 
on “The status of scientists in a changing econ- 
omy” and “Current scientific manpower develop- 
ments at home and abroad,” 30 Dec. As in pre- 
vious years, this program will be cosponsored by 
the Engineering Manpower Commission, the Sci- 
Commission, the National 


entific Manpower 


+6 


Prentice, Yale University 





Academy of Sciences—National Research Council, 
and the National Science Foundation. 

The National Foundation for Junior Museums 
(John Ripley Forbes, NF JM, New York) is plan- 
ning one or more sessions at the Indianapolis 
meeting on the work of the foundation. 

The national meeting of Sigma Delta Epsilon, 
graduate women’s science fraternity (Mrs. Helen 
Bolton Parker, Malvern, Pa.) begins with a busi- 
ness meeting on 26 Dec. and includes the annual 
dinner and grand chapter meeting on 27 Dec., 
and a luncheon for all women in science on 28 
Dec. maintained 
throughout the meeting period. 

The annual joint address of the Society of the 
Sigma Xi (Thomas T. Holme, Yale University 
and the Scientific Society of America (Donald B. 
and award of the Wil- 


A headquarters room will be 


liam Procter prize is scheduled for the evening of 
27 Dec., following the 58th annual convention of 
Sigma Xi, the annual convention of RESA, and 
their joint luncheon on that day. 

The 18th annual lecture of the United Chapters 
of Phi Beta Kappa (Carl Billman, Phi Beta 
Kappa, Washington, D.C.) is scheduled for the 
evening of 27 Dec. 


Call for Papers by AAAS Sections 


Eleven sections of the association will arrange 
sessions for contributed papers at the Indianapolis 
meeting. In three instances, as will be noted, Sec- 
tions A, Nd, and O, the papers to be considered 
are restricted to the subjects stated. The secretaries 
or program chairmen to titles and ab- 
stracts should be sent, not later than 30 Sept. 1937, 


whom 
follow. 


A-Maruematics. Mathematics of guided missiles. 
Dr. C, C. MacDuffee, Department of Mathe- 
matics, University of Wisconsin, Madison, Wis. 

C-Cnemistry. Dr. F. E. Cislak, Reilly Tar & 

Chemical Corp., 11 S. Meridian St., Indian- 

apolis 4, Ind. 

GEOLOGY AND Geocrapuy. Geology: Dr. Frank 

C. Whitmore, Jr., U.S. Survey, 

Washington 25, D.C. Geography: Dr. Louis L. 

Ray, U.S. Geological Survey, Washington 25, 

D.C. 

F-Zoo.ocicaL Scrences. Dr. H. H. Plough, Biol- 
ogy Department, Amherst College, Ambherst, 
Mass. 

G-—BoranicaL Sciences. Dr. Barry Commoner, 
Henry Shaw School of Botany, Washington Uni- 
versity, St. Louis 5, Mo. 

K-—SociAL AND Economic ScrencEs. Dr. Donald P. 


Pry 


Geological 
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Ray, Hall of Government, George Washington 

University, Washington 6, D.C. 

L—History AND PHILosopuy oF Science. Dr. C 
Doris Hellman, c/o Mrs. Morton Pepper, 1065 
Lexington Ave., New York 21, N.Y. 

Np-Dentistry. Fluoride. Dr. Maynard K. Hine, 
School of Dentistry, Indiana University, 1121 
W. Michigan St., Indianapolis 2, Ind. 

Np-Puarmacy. Dr. John E. Christian, School of 
Pharmacy, Purdue University, Lafayette, Ind. 

O-AcricuLturE. Biological and chemical control 
of plant and animal pests. Dr. Louis P. Reitz, 
Cereal Crops Section, Agricultural Research 
Service, USDA, Plant Industry Station, Belts- 
ville, Md. 

Q Epvucation. Dr. Herbert A. Smith, 205 Bailey, 
School of Education, University of Kansas, Law- 
rence, Kan. 

Although the deadline is 30 Sept., most sections, 
and subsequently the AAAS office, would be glad 
to receive titles in advance of this date. 

RAayMoND L. ‘TAyLor 

Associate Administrative Secretary 


AAAS Theobald Smith Award 


The Theobald Smith award of $1000 and a 
bronze medal, which has been given yearly since 
1937 (except for a lapse during the war years) by 
Eli Lilly and Company of Indianapolis, Ind., un- 
der the auspices of the AAAS, will be presented at 
the association’s 124th meeting in Indianapolis 
26-31 Dec. Nominations are now being requested 
for the award. ‘They may be made by fellows .of 
the AAAS and should be sent to the secretary of 
the Section on Medical Sciences, Dr. Allan D. 
Bass, Department of Pharmacology, Vanderbilt 
University School of Medicine, Nashville 5, ‘Tenn. 

The prize is given for “demonstrated research in 
the field of the medical sciences, taking into con- 
sideration independence of thought and original- 
ity.” Any investigator is eligible who was less than 
35 years of age on | Jan. 1957 and who is a citizen 
of the United States. The research is not to be 
judged in comparison with the work of more ma- 
ture and experienced investigators. 

Nominations must be received before ] Sept. The 
secretary requests that six copies of all data be 
submitted. The nomination should include a cur- 
riculum vitae, a statement summarizing the nomi- 
nee’s scientific contributions with an evaluation of 
their significance, and reprints of his or her more 
important publications. The vice president of Sec- 
tion N—Medical Sciences and four fellows will form 
the committee of award. 
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AAAS Dues Increase 


At the meeting of the AAAS Council last De- 
cember it was proposed from the floor that the 
association should consider raising its dues—a step 
which most other associations and scientific societies 
have found necessary within the past 10 years. This 
proposal was considered in detail by the AAAS 
Board of Directors at its March meeting. 

Although there has been a gratifying increase in 
AAAS membership, which now stands at an all 
time high of approximately 53,000, there was a 
small deficit at the close of the Association’s books 
for 1956. In the past few years, despite economies 
and continued efficient practices, the margin be- 
tween income and outgo has been progressively 
narrower. Under these circumstances, the board 
concluded that the time had come for an increase 
in the annual dues of the association. Accordingly, 
the board voted unanimously to submit to the coun- 
cil a recommendation that the dues be increased 
from $6.50 to $8.50 per year, effective 1 January 
1958. ‘This recommendation met with approval by 
87 percent of the large majority of the council 
members who returned the mail ballot. 

The dues of the association were last changed, 
from $5 to $6.50, on 1 January 1948. They were 
changed then for the same reasons as now—a con- 
tinued increase in such operating expenses as sala- 
ries and especially the printing costs of the associa- 
tion’s journals and other publications. ‘Then, as 
now, there was a reluctance on the part of the 
board and the council to curtail any AAAS activi- 
ties which had proved their worth or to reduce the 
quality of the publications. As before, increases in 
membership and in advertising revenue have made 
it possible to postpone but not to avoid an increase 
in dues. 

The AAAS has been fortunate in being able to 
charge smaller dues than most other associations 
‘Two recent studies, one by the National Education 
Association and the other by the American Market- 
ing Association, have shown that the median an- 
nual dues for professional associations are $10, 
which is also the median for associations with 20,- 
000 or more members. AAAS dues have been in 
the low category for scientific and professional as- 
sociations and can well remain below the median 
figure of $10 for the foreseeable future. 

No one has to be told that the costs of goods have 
increased markedly .in the last decade and that 
often the increase has occurred without a corre- 
sponding increase in the intrinsic value of the prod- 
ucts. It is fortunate that the AAAS does not have 
to follow this pattern. The dues increase will be 
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enough to pay the increased costs of an enlarged 
weekly journal, the combined Scienve and The Sci- 
entific Monthly, as approved by the council last 
December. Thus, beginning next January, all mem- 
bers who now receive one of the journals will re- 
ceive the enlarged weekly Science, and those who 
now receive both journals for $10 per year will get 
about the same amount of material for $8.50. 

An equitable plan for putting the increase into 
effect has been developed. Present members whose 
terms expire on or before 1 October 1957 may re- 
new their membership for an entire year at the cur- 
rent rate of $6.50. Similarly, new members who 


join on or before that date will be accepted at the 
same rate. Members whose terms begin at subse- 
quent dates will be billed at the new rate of 
$8.50. 

It is hoped that the combination of the two jour- 
nals and the association’s increased scope of activi- 
ties will meet with approval by all present members 
and that a continued growth in association mem- 
bership will occur during its 110th year. The AAAS 
has grown in its services to science and society and 
is needed today more than ever. 

RayMOND L., ‘TAYLOR 


Associate Administrative Secretary 


SPW 


BOOK REVIEWS 


Franklin and His French Contemporaries. Alfred 
QO. Aldridge. New York University Press, New 
York, 1957. 260 pp. $4.75. 


Although Alfred Aldridge’s new book is not 
concerned primarily with science, it will never- 
theless be of interest to many scientists. The reason 
is that Benjamin Franklin’s debut in France, the 
country of his greatest diplomatic triumphs, was as 
a scientist. Furthermore, France was the scene of the 
first trial of Franklin’s most famous experiment, 
the test of whether clouds are electrified and the 
lightning discharge an electric phenomenon. 

Franklin’s Experiments and Observations on 
Electricity, Made at Philadelphia in America, one 
of the great books on science of the 18th century, 
was published in London in 1751 and soon came 
to the attention of Buffon, who sponsored a French 
translation in 1752. The French quickly appre- 
ciated the full measure of Franklin’s achievement. 
Diderot, the philosopher and coeditor with d’Al- 
embert of the Encyclopedia, wrote at once that 
in Franklin’s book one could find the best possible 
exemplification of the way in which to interrogate 
nature by the experimental art. The experiments 
designed by Franklin showed the nature of electric 
discharges, the difference between pointed and 
nonpointed conductors, and the difference between 
grounded and nongrounded conductors and led to 
the analysis of the Leyden jar, or first condenser, and 
the electrification of storms. The new experiments 
attracted such great attention that they were per- 
formed for the King and Court, and soon the 
translator of Franklin’s book brought to fruition 
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the famous test of the electrification of clouds de- 
signed by Franklin but not performed by him. 
Franklin soon made an independent confirmation 
of the hypothesis of the electrification of clouds 
by means of the kite experiment, a second experi- 
ment which he designed and performed before the 
news of the French experiments reached him. 

To gain some measure of Franklin’s scientific 
reputation in France, it is necessary only to recall 
that the aforementioned translation went through 
two editions, then it was superseded by a brand 
new translation, printed in 1773. Several years be- 
fore the American Revolution, Franklin was 
elected one of the eight foreign associates of the 
French Academy of Sciences, which meant that in 
that year it was generally agreed that he was con- 
sidered to be among the eight greatest non-French 
scientists. To see what this event meant in the 
history of science, we have only to point out that 
the next American to be so designated was Louis 
Agassiz, but the work for which he was given this 
honor had been completed before he came to 
America. 

Aldridge recounts in a stimulating and exciting 
way the introduction of Franklin’s scientific ideas 
in France and the way in which the number of 
his admirers grew until he became an almost 
legendary figure. The success of his diplomatic 
mission, so crucial to America’s winning her inde- 
pendence, is shown to be related to his initial re- 
nown as a scientist. One of the most interesting 
parts of Aldridge’s book is the section showing 
how Franklin was portrayed in French fiction, 
poetry, and drama. Above all, Aldridge shows 
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clearly that the high place won by Franklin in 
French opinion was due in part to Franklin’s own 
personal qualities and also to a recognition that 
greatness in science and sharpness of wit were 
admired without respect to nationality. All in all, 
Aldridge has given us an enlightening and enter- 
taining picture. 

I. BERNARD COHEN 
Harvard University 


Discovery of the Elements. Mary E. Weeks. Journal 
of Chemical Education, Easton, Pa., ed. 6, 1956. 
910 pp. Illus. $10. 


This is the revised, enlarged, and modernized 
sixth edition of a familiar and handy reference 
book. It provides information on the discovery of 
the chemical elements, the people who discovered 
them, and the situations under which they were 
discovered. It is fully illustrated with pictures of the 
discoverers, the tools with which they worked, and 
the places where they worked. Most of the illustra- 
tions were taken from the collection of F. B. Dains, 
professor of chemistry at the University of Kansas. 

Henry M. Leicester, College of Physicians and 
Surgeons, San Francisco, California, edited this new 
edition and also contributed a chapter on “Ele- 
ments discovered by atomic bombardment.” Each 
chapter contains a large number of literature cita- 
tions, which provide the reader with a ready and 
interesting guide to the original literature as well as 
documentation for the statements in the present 
volume. 


A History of the Ancient Southwest. Harold S. 
Bond Wheelwright, Portland, Me., 
383 pp. Illus. $8.50. 


Gladwin. 
1957. xx 4 


Harold S. Gladwin’s latest venture into the field 
of southwestern archeology has resulted in a large, 
handsomely designed, copiously illustrated, and 
well-printed book. It is also a controversial book, 
as Gladwin points out in his introduction. It will 
undoubtedly find much use in graduate seminars, 
in which students will be assigned segments to 
evaluate and criticize, for from his fertile imagin- 
ation Gladwin has created much in the way of 
theory and data to criticize and evaluate. 

In a review of this length one can neither detail 
all the motifs nor criticize them point for point. 
Nevertheless, a brief sampling may convey some- 
what the character of the book. In Chapter III 
Gladwin sketches in summary fashion the peopling 
of North America and early man in the Southwest ; 
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in this summary he indulges in the pleasant pastime 
of battering down wide-open doors (page 23 

Chapters IV through XVII outline southwestern 
Gladwinian version. ‘The Basket Mak- 


ers are asserted to be Yuman Foragers. A southern 


ar¢ heology 


Forager group, termed Cave Dwellers, is also de- 
scribed. A_ trait list 
possessed only by the Basket 


lists four traits 
Makers. On page 35 
Gladwin lists three of the four traits as also occur- 


page 30) 


ring among the Cave Dwellers—and, as a matte 
of fact, the fourth, unfired mud pottery, also oc- 
curs. On the other hand, several specific traits 


listed as shared (for example, bow and arrow, 
grooved maul) do not actually occur among the 
Basket Makers, and many others are so general that 
they lack meaning. 
Pottery, architecture, 18-row corn, and a new 
physique, are introduced about a.p. 200 by an im- 
migrant group, the Farmers, from the western 
plains. Pure Farmer sites are “Grand Gulch” and 
“Durango.” Why the 


four whole vessels of 


“Farmers” introduced only 


reduced fired pottery into 
Grand Gulch (all known plains pottery is oxidized 
and did not use it at their permanent village near 
Durango is not explained. 

Later 


architecture to the 


“Farmer” groups introduced pottery and 
Jasket Makers (Obelisk Cave 
meanwhile inventing a new type of architecture, 
the crescent-shaped village as at site 13, Alkali 
Ridge, which is confined to the area north of the 
San Juan. Archeologists will be surprised to learn 
that Shabik’eshchee type of pottery decoration does 
not occur in the Durango area. They will be dumb- 
founded to learn that Basket Maker III, Pueblo I, 
and Pueblo II are contemporaneous regional var- 
ilants (page 159). 

The 


pottery north of the San Juan is credited to a group 


introduction of broad line red-on-orange 
of “Red” immigrants from eastern Mexico who 
began to civilize the Cochise Foragers just before 
A.p. 600. Rectangular design elements are intro- 
duced by the Red-Mogollones to the Farmer-Bas- 
ket Makers about a.p. 700 106), whereas 
the Red-Mogollon are credited with this develop- 
ment only 800 and 900 (Chaptet 
X). The Hohokam are introduced from western 
Mexico at A.p. 700. 

From this sample it should be clear that Gladwin 
has selected data to fit his theories and ignored 
all else. Even in the data admitted there are many 
errors of fact as well as distortions of others. Most 
of the reconstructions put forth are based on den- 
drodates secured by Gladwin and wholly un- 
checked by anyone else. Radiocarbon dating is ig- 
nored, except that in passing it is mentioned as 
being an unreliable and untested method. 


( page 


between A.D. 


19 








Perhaps the most cogent illustration of the select- 
ing and ignoring of data is to be found in the 
bibliography. Only a single reference postdates 
1949, and it is misquoted. Yet, during this 8-year 
interval more research has been published on 
southwestern problems than in any comparable 
period prior to 1949. 

Despite the fact that this book fails to present 
an acceptable history of the ancient Southwest, 
it nevertheless offers a number of suggestions 
(many of which are not new) of influence and dif- 
fusion which should bear fruit in further work. 
The arguments arising from it will be long and 
loud-——and that, perhaps, is what Gladwin wants. 

Joe BEN Wueat 
University of Colorado Museum 


Foundations of Inductive Logic. Roy Harrod. Har- 
court, Brace, New York, 1957. 290 pp. $7. 


The foundations of inductive logic continue to 
be a subject of lively interest and disagreement. In 
this ambitious book, a well-known economist un- 
sparingly criticizes his distinguished forerunners 
and undertakes to renovate inductive logic “from 
the beginning onwards” (page 148). The author 
claims to have demonstrated that the principles 
of inductive logic are true a priori—are, as he puts 
it, “part of the logic of entailment” (page 50). 
Harrod’s chosen principles are narrowly circum- 
scribed in scope and correspondingly weak in ap- 
plication, but their claim to be a sufficient basis 
for all inductive inference is supported by lively 
and ingenious argument. Applications are made to 
a number of philosophic problems, including the 
existence of the external world and the epistemo- 
logical status of memory. 

If the author had demonstrated that “the essen- 
tial principles of induction” are “co-equal in valid- 
ity and authority and certainty with the principles 
of deduction” (preface, page vi), this would be 
the most important treatise on induction ever writ- 
ten. Such hopes will be disappointed by a careful 
examination of the argument. 

The following considerations are advanced in 
favor of “the Principle of Experience,” the indis- 
pensable foundation for all modes of inductive 
inference. Imagine yourself, says Harrod, “travel- 
ling along a continuity”—or, in less metaphorical 
language, noticing the persistence of some observ- 
able character, such as the constant pitch of a 
heard musical note, the visible presence of the 
moon in the sky, or the like. Now adopt the policy 
of unceasingly predicting that the “continuity” 

that is, the persistence of the observed character) 
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will last for at least one-tenth of the time beyond 
that for which it has already been continuously 
observed. (Thus, after 10 seconds’ observation of 
the continuity, you predict it will last another sec- 
ond; after 20 seconds from the start, you predict a 
continuation for two more seconds; and so on.) 
Make such predictions incessantly until the ‘“‘con- 
tinuity” terminates, or until you choose to stop, 
whichever is the earlier. Then, at worst, you will 
be making wrong predictions only during the last 
one-eleventh of the journey. You are sure to be 
right most of the time! 

The conclusion can also be stated in terms of 
probability. On Harrod’s conception of probabil- 
ity, the probability of correctness of any one of the 
predictions of continuance is at least 10 11. If a 
smaller extrapolation ratio—say one one-hundredth 

is chosen, the probability of successful pre ‘section 
can be raised to at least 100/101. In general, the 
relevant probability can be brought as close to | 
as desired, by restricting the scope of the prediction 
accordingly. So, the chance of making a successful 
prediction can be made as high as we please. 

Finally, if the policy is altered so that the “trav- 
eller” continually predicts a constant extension of 
the continuity—say a further duration of just | 
second rather than an extension in a fixed ratio 
increasing duratien of continuity will entail steady 
decrease of the extrapolation ratio, and so a stead- 
ily increasing probability of successful prediction. 
This is the “law of increasing probability of con- 
tinuance” (page 63) or the “Principle of Exper- 
ence.” 

Harrod says the principle “is known for certain 
to be true” (page 119). If he were right, we would 
know for certain that a particular inductive policy 

the policy of proportional extrapolation, as we 
might call it) would necessarily be successful most 
of the time. By suitable choice of the proportion, 
we could guarantee success for 10/11, for 100/101, 
or, more generally, for x/(x +1) of the time. 

Now, all manner of principles can be known 
to work hypothetically: You can be sure of finding 
your way out of a maze by constantly preserving 
contact with one wall; you: are bound to make 
money at roulette if you continue to double you 
losing stake. But there is no a priori guarantee that 
mazes will be found or that conditions for using 
infallible gambling systems will be allowed to exist. 
Harrod’s_ policy of proportional extrapolation 
would certainly be successful if sufficiently 
long “continuities” were actually encountered in 
experience. But even the swiftest prediction takes 
time, and if the continuities were too brief, the 
policy would be inapplicable—as Harrod himself 
seems to concede (page 58). 
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How do we know that sufficiently long continui- 
ties will actually occur in the future? To this 
crucial question, Harrod replies: “All that nature 
contributes to the argument is a continuity. That 
is innocent enough in all conscience!” If begging 
the question is innocent, this is indeed innocent 
enough. Harrod has gone to great lengths to estab- 
lish the that 
successful if nature provides the conditions for the 


truism inductive inference will be 
successful practice of inductive inference. 

It is unnecessary to examine the fiction of con- 
tinuous prediction that underlies Harrod’s argu- 
ment, or to consider the curious and, as I believe. 
fallacious arguments (pages 54-58) for obtaining 
a more refined probability estimate than the afore- 
mentioned x/ (x + 1) figure. Harrod’s ingenious the- 
ory of sampling is also vulnerable to criticism. But 
when the ship has a hole in the bottom, it hardly 
matters that the funnels are missing. 

Max BLack 


Cornell University 


Discoveries and Opinions of Galileo. ‘Translated 
with an introduction and notes by Stillman 
Drake. Doubleday, Garden City, N.Y., 1957. 302 
pp. Illus. $1.25, 


Four lively works, either previously untranslated 
or difficult to obtain in translation, are presented 
in Discoveries and Opinions of Galileo in slightly 
abridged form, with informative introductory sec- 
tions, helpful footnotes, a bibliography, and an 
index. “The starry messenger” describes some of 
the things to be seen in the heavens through a 
telescope; “Letters on sunspots” speculates about 
the cause of these blemishes; “Letter to the Grand 
Duchess Christina” discusses the proper relation- 
ship of science to religion; and “The assayer” points 
out some errors in logic made by an influential 
Jesuit. 


Integration. Edward J. McShane. Princeton Uni- 
versity Press, Princeton, N.J., 1944. 394 pp. 
$2.95, paper. 

Theory of Lie Groups. I. Claude Chevalley. Prince- 
ton University Press, Princeton, N.J., 1946. 215 
pp. $2.75, paper. 


These volumes, reissued by Princeton University 
Press in paperback edition, have been out of print 
for some time. They are numbers 7 and 8 in the 
Princeton Mathematical Series. The volumes have 
not been changed in any way from the original 
edition. 
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What Makes a College? A history of Bryn Maw: 
Cornelia Meigs. Macmillan, New York, -1956 
277 pp. Illus. $5. 


Che bibliography of American college histories 
is not commonly among those most eagerly sought 
by impartial readers. Library stacks bearing rows 
of these institutional biographies tend, I fear, to 
become among the dustier and less often disturbed 
Phe faithful chronicle, pursued through months of 


retired dean o1 prolessor-on- 


devoted toil by some 


leave, of how the Reverend So-and-So first con 
ceived the idea of What’s-Its-Name College, and 
how ensuing generations brought that college into 


full flower, becomes a handy Christmas memento 


from the college administrator to his trustees and 
other college friends, but it does not often rank as 
tends to be much 


engrossing literature. ‘The story 


the same trom college to collea the writing may 
be more earnest than inspired, the allusions and 
references are typically local, and too often the 
story has to be written guardedly because of the 
presence of founding families still in the nearby 
community. 

Cornelia Meigs’ What Makes 
Mawr, 1s, 


the foregoing paragraph, an exception. Allowing 


a Collegve?, a his 


torv of Bryn as might be euessed from 
for an awkward phrase here and there, it is written 
with facility and clarity. It treats, with commend- 
able candor, of the human conflicts which are part 
ol the pattem in any college. Most importantly, 
the author shows keen appreciation, throughout 
the book. of 
tion which have both plagued and stimulated col- 


to the othe 


fundamental issues in higher educa- 


leges from one end of the country 
What Makes a College? 


educational problems to serve aS a source book on 


contains enough important 
denominational restrictions 
the 


in the undergraduate colleec: 


several major issues: 


versus cosmopolitanism ; place of graduate 


study the place ol 
quasivocational specialties, such as primary educa- 
tion, social work, and labor problems, in the liberal- 
freedom and tenure—anvy of 


arts setting; academic 


these could be expanded from this history of Bryn 
Mawr. 
With all 


running through the story of Bryn Mawr’s develop- 


these important educational themes 
ment, however, the theme which dominates is the 
place of women in higher education. ‘To a certain 
extent this is in itself a historical theme. since very 
few educators today question the wisdom of giving 
women every possible educational opportunity. Yet 
the direction of that fitting 


woman for her role in modern life is still far from 


education toward 


a settled question. This is amply shown by wide- 


spread response to the Commission on the Educa- 


! 








tion of Women, recently formed under the auspices 
of the American Council on Education. The lively 
and well-deserved interest, among educators, in 
What Makes a College? might, in fact, be attrib- 
uted to its lucid report of one institution’s efforts 
to define and develop the best possible higher edu- 
cation for able young American women. 

The towering figure throughout the book, both in 
terms of Bryn Mawr College and in terms of the 
theme of women’s education, is M. Carey ‘Thomas, 
president of Bryn Mawr from 1894 to 1922. 

By the time Carey ‘Thomas was elected to office, 
Bryn Mawr had had two leading spirits, both 
medical doctors and orthodox Quakers. ‘The 
founder was Joseph Wright ‘Taylor—brilliant but 
nonpracticing physician, notably successful yet 
curiously indifferent business investor, lifelong 
bachelor and deeply devout Friend, who in late 
years dedicated his wealth to the founding of what 
should be a model college for young women, struck, 
possibly, in the image of his beloved sister, Hannah. 
After ‘Taylor’s founding efforts had exhausted his 
somewhat delicate health, at the age of 70, a group 
of staunch Quakers around him carried on the 
plans for the new college. Its first president, James 
E. Rhoads, brought human wisdom and spiritual 
devotion to the infant college to the full extent 
that its founder could have wished. 

Yet even before Bryn Mawr opened its doors 
(23 Sept. 1885) and from that time until she as- 
sumed the presidential office herself, it was Carey 
Thomas who put the fire and zeal into what was 
to become one of our most distinguished women’s 
liberal arts colleges. When denied the position of 
first president, for which she had applied, she ac- 
cepted second place as dean of the faculty and pro- 
ceeded to install herself as Bryn Mawr’s prime 
voice in all matters academic and in practically 
everything else. What Makes a College? is, to a 
large extent, the story of one gifted woman’s strug- 
gle to lead America in recognition of maximum 
educational opportunity for women. 

It is not for us to judge to what extent Carey 
Thomas’ edifice at Bryn Mawr was her response to 
having been turned down, successively, by one 
American and two German universities before she 
was finally accepted for her doctor of philosophy 
degree, summa cum laude, at the University of 
Zurich. Certainly, some of her policies in governing 
the fortunes of Bryn Mawr for nearly four decades 
might cause the modern educator, man or woman, 
a few delicate shudders. She let nothing material 
or human come between herself and her aim to 
make intellectual rigor the sword, shield, and 
buckler of her college. (Woodrow Wilson, as a 
stern young teacher, figured in one of her early 
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contretemps.) The ensuing years, under the un- 
usually capable presidencies, successively, of Mar- 
ion Park and Katharine McBride, have filled out 
and humanized Carey ‘Thomas’ precepts without 
destroying them. No longer does the graduating 
senior stand trembling, in cap and gown, literally 
on the carpet of the president’s office, to be per- 
sonally examined before she shall qualify for her 
degree; and no longer do whole departments go to 
sleep at night wondering whether they will be 
changed or possibly abolished, ere morning, by a 
stroke of the president's pen. 

The story of these and many other developments 
at Bryn Mawr over its 70 years makes Cornelia 
Meigs’ book fascinating reading, not only for the 
college administrator but for anyone with firsthand 
experience at a college which has set, as its star, 
the ideal of excellence. ‘Throughout the history of 
Bryn Mawr College, intellectual integrity has 
shone forth as its chief characteristic. If the col- 
lege has been blessed, also, with a wealthy and 
devoted clientele who turned up at strategic mo- 
ments with major capital gifts, all credit belongs to 
Bryn Mawr for the way she has used her blessings. 
To read her history in the gradual development of 
a rich and varied college education of top quality, 
with all its concomitant problems, is to gain a 
fresh understanding of the meaning of liberal edu- 
cation for this day and the next. 

Louis T. BENEzE1 
Colorado College 


Learning and Instinct in Animals. W. H. Thorpe. 
Harvard University Press, Cambridge, Mass., 
1956. 493 pp. Illus. $10. 


Among the most significant of recent develop- 
ments within the field of animal behavior has been 
the rise of the European school of thought that 
terms itself ethology. With its emphasis on the 
analysis of unlearned patterns of behavior and its 
principal concern with submammalian forms, eth- 
ology presents a contrast to American comparative 
psychology. Our own interests lie primarily with 
learning—with learning as we see it in the mam- 
mals and with learning theory, whose concepts 
have been gradually divorced from those of other 
disciplines. Although the two traditions have a 
common root, they have undergone a sharp di- 
vergence. 

W. H. Thorpe’s new book is a very commendable 
attempt to bring them back together. In it, the 
British ornithologist is trying to “point out to psy- 
chologists and learning theorists on the one hand 
and to zoologists and physiologists on the other 
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how dependent each is, or ought to be, on the 
work and viewpoint of the other.” Much of it is 
given over to review; the part that is devoted to 
learning is the first completely contemporary trea- 
tise on the subject in the ethological literature 
Many specialists will be infuriated by its frank 
eclecticism; others, doubtless, will welcome new 
support from areas where they never dreamed of 
looking. None except the frankest isolationist will 
find it unprovocative, and it has a flavor so dis- 
tinctly Continental as to make it quite apparent 
that viewpoints which have fallen from domestic 
favor still are not without their champions. 
Learning and Instinct in Animals presents an in- 
troduction to the concepts which, until now, have 
constituted ethology and includes, also, a systematic 
treatment of the recent work concerning unlearned 
behavior. It will find an audience, for the teachings 
of the school are only now beginning to be studied 
systematically by American experimentalists. ‘The 
message will be lost to all but serious students of 
behavior, for this is clearly not a textbook. As 
a monograph, it serves a clear and present need. 
DonaLtp R. MEYER 
The Ohio State University 


Man Unlimited. ‘Technology’s challenge to human 
endurance. Heinz Gartmann. Pantheon, New 
York, 1957. Illus. $4.50. 

Man Unlimited is a relatively nontechnical, eas- 
ily read account of human engineering and _ the 
psychophysiological aspects of modern living. In 
the foreword, Heinz Gartmann states: “Man him- 
self is the weakest link in the chain of technology. 

Each new machine and new instrument im- 
poses new demands, new stresses. . . . After every 
new victory over resistant matter, man must now 
strive to cope with his own physical weakness. 

Again and again he is being forced to discovei 

the limits of his capabilities and, if possible, to 

transcend them. With this in view, man has un- 

dertaken one of the most daring enterprises o! 

our time: making the human being himself the 

subject of carefully planned stress tests.” In the 
epilog Gartmann gives a fairly complete summary 
of the topics discussed in the book: “The mad 
dash to higher speeds, the cruel game of sudden 
deceleration, the plunge into the abyss of weight- 
lessness, the broken rhythm of daily life, the peril- 
ous escape beyond man’s natural living space, the 
fatigue of man subjected to innumerable stimuli, 
the possibility of devaluation of the human mind 

these are external tokens of the great change.” 

Much of the detailed illustrative material is 
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drawn trom the annals of aviation medicine. He 
uses the descriptive adjectives and phrases chat 
acteristic of many German scientists’ writing on 
technologic and _ scientific matters The chapter 
titles are also indicative of the spectacular ap- 
proach: “The mad dash,” “The cruel game,” 
“Into the abyss,” “Life in a box,” “The unending 
ordeal,” and so forth. In spite of this manner of 
approach, the material is factual, and the illus- 
trations and explanations ol physiological and 
physical principles are sound 

Gartmann gives vivid and detailed descriptions 
of such stress tests as the deceleration tests con- 
ducted by John Paul Stapp; the human centri- 
fuge tests at the Naval Air Development Center, 
Johnsville, Pennsylvania; the simulated bail-out 
experiments at Wright Field; the experiences of 
test and research pilots ; the rocket flight exper! 
ments of Piccard: and the flights into the central 
stratosphere. In describing such tests he gives a 
brief but good account of such things as the com- 
position and development of the earth’s atmos- 
phere and the physiological effects of pressure 
changes, oxygen concentrations, climatic changes, 
and noise. 

Gartmann’s last two chapters, in a sense, look 
into future problems of man—his “machines” and 
advanced technology. Here he describes the prin- 
ciples of atomic energy, the discovery of radiation, 
and the development of electronic computers and 
automatons. 

This book is recommended for those who desire 
a brief but accurate, easily read, account of the 
ways in which man is coping with modern tech- 
nology. It is particularly recommended for high- 
school science students. It will illustrate the utili- 
zation of chemistry, physics, biology, and mathe- 
matics in modern technology. 

Ray G. Daccs 


Ame rie an Physiologic al Socte t} 


Experiments with a Microscope. Nelson F. Beele1 
and Franklyn M. Branley. Crowell, New York, 
1957. 154 pp. Illus. $2.75. 


That all human institutions are mortal and that 
science is a human institution—these are premises 
that lead to a syllogism that we are, quite under- 
standably, chary of completing. There are times, 
however, when even-the most unwelcome of pos- 
sibilities should be squarely faced. From the vol- 
ume of current journalism devoted to the subject 
of recruiting scientists, we may reasonably infer 
that ours is such a time of candid self-appraisal. 
The national need for a continued influx of new 
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young people into science was never more clear, 
and statistical studies, though full of cross-currents 
as usual, suggest (at least) that the present growth 
of our cadres of scientists is not great enough for 
our needs. Biographical and other studies show 
that for science, as for other professions, it is im- 
portant to “catch ’em while they’re young.” In 
solving the motivational problem, no age deserves 
more attention than the years of late elementary 
and early secondary education. We are all more 
than a little interested in what may be done to 
interest these young people in a scientific career. 

The present slim book, apparently designed fo1 
the years between 10 and 15, is an altogether ad- 
mirable introduction to the fascination of the 
microscope. ‘The writing is simple but not dull. 
Step by step the authors lead the young student 
through a carefully graded series of trials and ex- 
periments. Studies with simple lenses (including 
convex droplets of water) precede work with a 
compound ‘scope, and the theory of light and its 
behavior is simply presented. The young student 
is encouraged to experiment with different ar- 
rangements of light so as to know the possibilities 
of his instrument better. Adequate directions are 
given for studying blood and its circulation, proto- 
zoa, bacteria, molds, yeasts, and the structure of 
higher plants. There are directions for solving a 
variety of related problems of microscopy, using 
materials in the home or readily procurable; espe- 
cially ingenious is the home-made microtome. 

One proposal of the authors deserves comment 
because of its heterodoxy. In urging the young 
student to keep dated records (Chapter 7), the 
authors suggest that he keep them on 3- by 5-inch 
index cards. Such practice is distinctly contrary 
to the long-established tradition of using bound 
notebooks only, yet I think its proposal speaks well 
for the authors’ understanding of their audience’s 
psychology. With these youngsters, there is no ser- 
ious question of legal priority or court battles. Di- 
verse and fickle as their interests are (and should 
be), a bound notebook, possessing only one sort 
of order, and that the most trivial—the temporal 
order—would, in the end, discourage adequate 
note-making more than it would encourage it. 
Dated note-cards can always be rearranged, thus 
leading to discoveries that might be missed in a 
rigid notebook. 

This delighted reviewer has only one suggestion 
for future editions: that the young microscopist be 
introduced to a simple method of measuring the 
things he sees. He can be told that his hair is about 
80 microns in diameter (which will probably be 
not far from the truth), and by placing a hair in 
the field with the object of study he can get in the 
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habit of estimating the size of the objects he ob- 
serves. This is not a bad habit, and learning to 
write such data as “25n” on his records will prob- 
ably appeal to his sense of magic and the occult, 
a harmless enough motivation. 

To all those who are fortunate enough to be 
able to influence the tastes of the coming genera- 
tion, Beeler and Branley’s little manual can be 
heartily recommended. 

GARRETT HARDIN 
Santa Barbara College 


Scientific and Learned Societies of Great Britain. 
A handbook compiled from official sources. Al- 
len and Unwin, London, ed. 58, 1956 (order 
from Macmillan, New York). 211 pp. $6. 


More than 600 learned societies of Great Britain 
are listed, by subject, in this second postwar edition 
of Scientific and Learned Societies of Great Britain. 
There are 16 classifications, ranging from mathe- 
matics and physics to literature and fine arts. Uni- 
versity societies are covered in a new section, As 
far as possible, the following information is given 
for each society: name and address, objectives, of- 
ficers, number of members, subscription, meetings, 
publications, and library. 

Part I, “Scientific research in Great Britain,” 
covers the main research establishments adminis- 
tered by the Department of Scientific and Indus- 
trial Research, the Medical Research Council, and 
the Agricultural Research Council. 


Indian Students on an American Campus. Richard 
D. Lambert and Marvin Bressler. University of 
Minnesota Press, Minneapolis, 1956. 122 pp. $3. 


This little book is based on long interviews with a 
small number of students from India, Pakistan, 
and Ceylon about their lives as students at the 
University of Pennsylvania. Its aim is understand- 
ing rather than proof, coupled with an attempt to 
set up hypotheses about what happens in “cross- 
cultural education.” The book succeeds in these 
matters with a minimum of jargon. Its main 
strength, however, lies in the presentation of the 
image of America and of India held by these stu- 
dents on entering and leaving a great impersonal 
American university. The book then utilizes an 
earlier study to follow somewhat similar students 
back to India to view their problems of readjust- 
ment to a nation where jobs are still scarce, where 
tangible signs of successful performance are very 
important, and where there is competition with 
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other ex-students who sport British school ties. ‘The 
writers then cast back and make some sensible sug- 
gestions for improvements in the part American 
colleges can play in this total process. 

The reader is able to get a clear, detailed picture 
of the typical day-to-day life of these students and 
to see the kinds of Americans they meet and how 
they try to fulfill their desires to become educated, 
to learn about America, and to be good ambassa- 
dors of their own countries. ‘The «small sample 
does not permit much analysis of the more per- 
sonal motives and mechanisms involved, nor does 
it point up the peculiarly difficult problems that 
women from these areas often have in readjusting 
to their less free status on return home 

This volume is the first of a proposed series and 


is useful reading for any Americans who meet with 


students from Asia. It will provide some stimulat 


suggestions about how much “international 


ing 

understanding” we can reasonably expect from 
our exchange programs and just what the fate 
of such good will may be when it is buffeted by 


the winds of larger foreign policy actions. ‘These 
then 
Any 


toward 


sense ol 
Amet 


de- 


students very rarely lose much of 


identity and reference as nationals. 


icans who feel that such a tendency 
fection on the part of visiting students would be 
a good thing will be given moral and factual pause 
by this book 

WiLuiAM W. LAMBER1 
Center for Advanced Study in 


the Behavioral Sciences 
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Prehistoric Settlement Patterns in the 
Willey, Ed. (Wenner-Gren 
pological Research). Reviewed by 
Jr. 

Die Gattungen der Rhodophyceen, H. Kylin (Gleerup, 
Lund, Sweden). Reviewed by W. R. ‘Taylor. 

Physics and Chemistry of the Earth, vol. 1, L. H 
Ahrens, K. Rankama, S. K. Runcorn, Eds. (McGraw- 
Hill). Reviewed by W. R. Thurston. 

Chemistry of Chromium and Its Compounds, vol. 1 of 
Chromium, M. J. Udy, Ed. (Reinhold). Reviewed b 
J. T. Sterling. 


World, G R 
Anthro- 
Roberts 


Neu 
Foundation for 
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10 May 


Biochemical Individuality, R. J. Williams 
viewed by S. S. Kety. 

Education in the U.S.A., W. K. Richmond ( Philosophical 
Library). Reviewed by F. L. Wormald. 

Advances in Genetics, vol. VIII, M. Demerec, Ed. (Aca 
demic Press). Reviewed by E, L. Green. 

Principles of Fungicidal Action, vol. 30 of New Series of 
Plant Science Books, J. Horsfall (Chronica Botanica 
Hafner). Reviewed by H. G. Shirk. 


Principles of Guided Missile Design. Aerodynamics, Pro- 


pulsion, Structures and Design Practice, E. A. Bonney, 
M. J. Zucrow, C. W. Besserer (Van Nostrand). R 
viewed by R. Duffy. 


17 May 


The Reactive Intermediates of Organic Chemistry, J. E. 
Leffler (Interscience). Reviewed by C. H. DePuy. 
Elasticity, Fracture and Flow, J. C. Jaeger (Methuen: 

Wiley). Reviewed by A. Kyrala. 

Human Generation, Conclusions of Burdach, Dollinger 
and Von Baer, A. W. Meyer (Stanford Univ. Press 
Geoffrey Cumberlege, Oxford Univ. Press). Reviewed 
by J. Needham. 

Fleas, Flukes and Cuckoos, M. Rothschild and T. 
(Macmillan). Reviewed by H. Friedmann. 
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Medical Scteé neces, Ser \ II, Progre y in Nuclear Energy, 
J. C. Bugher, J. Coursaget, J. F. Loutit, Eds. (Me 
Graw-Hill). Reviewed by K. Z. Morgan 

24 May 

William Heytesbury, C. Wilson Univ. of Wisconsin 
Press). Reviewed by R. P. Multhauf. 

Report of the Princeton Conference on the History of 
Philanthropy in the ‘United States (Russell Sage 


Reviewed by I. G. Wyllie. 
Dentistry, J. H. Manhold 
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Crone, Jr Interscience Reviewed by K. B. Kraus 
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Physiologie de UInsecte, R. Chauvin (Institut National 
de la Recherche Agronomique). Reviewed by J. Cass 
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M. Stationery 
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Newton, I. B. Cohen 
Reviewed by M 
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Franklin 
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The Biochemistry of Vitamin By, R. T. Williams, Ed 
Cambridge Univ. Press). Reviewed by B. F. Chow 
General Genetics, M. J. Sirks (Nijhoff, ‘The Hague 
Reviewed by G. W. Beadle 

Etude Radioanatomique de lV’'Os iy mporal, M Justet 
and H. Fischgold (Masson Reviewed by M. W 
Young. 

Organic Analysis, vol. III, J. Mitchell, Jr., I. M. Kolt- 
hoff, E. S. Proskauer, A. Weissberger, Eds. (Intersci 


ence). Reviewed by L. Chalkley. 
Psychological Research, B. J. Underwood 
Century-Crofts). Reviewed by C. G. Mueller 
Osteology of the Reptiles, A. S. Romer (Univ. of Chicago 
Press). Reviewed by E. C. Olson 
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~e New Books 


Vergleichende Physiologie. vol. I11, Ernahrung, Was- 
serhaushalt und Mineralhaushalt der Tiere. W. von 
Buddenbrock. Birkhauser, Basel, Switzerland, 1956. 677 
pp. DM. 66. 

Handbuch der Physik. vol. XXX, X-Rays. S. Fliigge, Ed. 
Springer, Berlin, 1957. 384 pp. DM. 88. 
Magnetohydrodynamics. T. G. Cowling. 

New York, 1957. 115 pp. 

in Introduction to Electrostatic Precipitation in 
Theory and Practice. H. E. Rose and A. J. Wood. 
Essential Books, Fairlawn, N.J., 1956. 166 pp. $2.80. 

The Growth of Leaves. Proceedings of the Third Easter 
School in Agricultural Science, University of Notting- 
ham, 1956. F. L. Milthorpe. Butterworths, London, 
1956. 233 pp. $6.80. 

Truth and Meaning. David Greenwood. Philosophical 
Library, New York, 1957. 114 pp. $3.75. 

Beginning Statistics. Lester Guest. Crowell, New York, 
1957. 255 pp. $4. 

Physics, a Modern Approach. L. Paul Elliott and Wil- 
liam F. Wilcox. Macmillan, New York, 1957. 658 pp. 
$5.12. 

The Fight for Fluoridation. Donald R. McNeil. Oxford 
University Press, New York, 1957. 241 pp. $5. 

1 Glossary of Mycology. Walter H. Snell and Esther 
A. Dick. Harvard University Press, Cambridge, 1957. 
171 pp. $5. 

Psychology You Can Use. Dorothy H. Yates. Crowell, 
New York, 1957. 248 pp. $3.95. 

Chromosomes. Lectures held at the Conference on 
Chromosomes, Wageningen, 16-19 April 1956. Uit- 
gevers-Maatschappij W. E. J. Tjeenk Willink, Zwolle, 
Netherlands, 1956. 231 pp. 

Disaster A_ psychological essay. Martha Wolfenstein. 
Free Press, Glencoe, Ill., 1957. 231 pp. $4. 

Modern Pulp and Paper Making. John B. Calkin, Ed. 
previous editions by George S. Witham, Sr.). Rein- 
hold, New York; Chapman & Hall, London, ed. 3, 
1957. 549 pp. $10. 

Sir Richard Gregory, His Life and Work. W. H. G. 
Armytage. Macmillan, London; St. Martin’s Press, 
New York, 1957. 241 pp. $5. 

Handbook of Snakes of the United States and Can- 
ada. vols. I and II. Albert H. Wright and Anna Allen 
Wright. Comstock Publishing Associates, Cornell Uni- 
versity Press, Ithaca, N.Y., 1957. 1105 pp. $14.75. 

Aspects of River Pollution. Louis Klein. Academic 
Press, New York; Butterworths, London, 1957. 621 
pp. $14.50. 

Boy’s Book of Frogs, Toads, and Salamanders. Percy 
A. Morris. Ronald Press, New York, 1957. 240 pp. $4. 

Ernest Rutherford, Atom Pioneer. John Howland. 
Philosophical Library, New York, 1957. 160 pp. $4.75. 

Foundations of Radio. M. G. Scroggie. Iliffe, London; 
Philosophical Library, New York, 1957. 349 pp. $10. 

The Horse-Flies (Diptera: Tabanidae) of the Ethi- 
opian Region. vol. III, Subfamiltes: Chrysopinae, 
Scepsidinae and Pangoniinae and a revised classifica- 
tion. H. Oldroyd. British Museum (Natural History), 
London, 1957. 489 pp. £4 10s. 

Inventors and Inventions. C. D. Tuska. McGraw-Hill, 
New York, 1957. 174 pp. $3.75. 

Psychological Tests and Personnel Decisions. Lee J. 
Cronbach and Goline C. Gleser. University of Illinois 
Press, Urbana, 1957. 165 pp. $3.50. 


Interscience, 


The Fundamentals of Electric Log Interpretation. 
M. R. J. Wyllie. Academic Press, New York, ed. 2, 1957. 
176 pp. $4.50. 

Expectant Motherhood. Nicholson J. Eastman. Little, 
Brown, Boston, ed. 3, 1957. 198 pp. $1.75. 

Womanpower. A statement by the National Manpower 
Council with chanters by the council staff. National 
Manpower Council. Columbia University Press, New 
York, 1957. 371 pp. $5. 


Working with Children in Science. Clark Hubler. 
Houghton Mifflin, Boston, 1957. 425 pp. $5.50. 
America’s Natural Resources. Edited for the Natural 


Resources Council of America by Charles H. Callison. 
Ronald Press, New York, 1957. 211 pp. $3.75. 

The Doctor, His Patient and the Illness. Michac| Bal- 
int. International Universities Press, New York, 1957. 
355 pp. $7.50. 

An Introduction to Astronomy. Robert H. Baker. Van 
Nostrand, Princeton, N.J., ed. 5, 1957. 333 pp. $4.85. 

Automation in Business and Industry. Eugene M. 
Grabbe. Wiley, New York; Chapman & Hall, London, 
1957. 611 pp. $10. 


High-Speed Flight. E. Ower and J. L. Nayler. Philo- 
sophical Library, New York, 1957. 227 pp. $10. 
The Neurohypophysis. H. Heller, Ed. Proceedings of 


the eighth symposium of the Colston Research Socicty 
held in the University of Bristol, 9-12 April 1956. H. 
Heller, Ed. Academic Press, New York: Buttcrworths, 
London, 1957. 275 pp. $9.50. 

Encyclopedia of Instrumentation for Industria! Hy- 
giene. Prepared and issued cooperatively by the Uni- 
versity of Michigan Institute of Industrial Health and 
School of Public Health and the Occupational Health 
Program of the Public Health Service, U.S. Depart- 
ment of Health, Education, and Welfare. Charles D. 
Yaffe, Dohrman H. Byers, Andrew D. Hosey, Technical 
Editors. University of Michigan, Industrial Health 
Program, Ann Arbor, 1956. 1243 pp. $35. 

From the Closed World to the Infinite Universe. 
Alexandre Koyre. Johns Hopkins Press, Baltimore, Md., 
1957. 313 pp. $5. 

A Textbook of Plant Virus Diseases. Kenneth M. 
Smith. Little, Brown, Boston, ed. 2, 1957. 652 pp. $12. 

Thermodynamic Properties of the Elements. No. 18 
of the Advances in Chemistry Series. Edited by the 
staff of Industrial and Engineering Chemistry. Amer- 
ican Chemical Society, 1155 16 St., NW, Washing- 
ton, D.C., 1957. 234 pp. $5. 

Nuclear Reactor Physics. Raymond L. Murray. Pren- 
tice-Hall, Englewood Cliffs, N.J., 1957. 317 pp. $10. 

1001 Questions Answered About the Seashore. N. J. 
Berrill and Jacquelyn Berrill. Dodd, Mead, New York, 
1957. 317 pp. $5. 

Vegetable Crops. Homer C. Thompson and William C. 
Kelly. McGraw-Hill, New York, rev. ed. 5, 1957. 619 
pp. $8.50. 

Manual of Radiation Therapy. K. Wilhelm Stenstrom. 
Revised with additions and discussions by Paul C. 
Olfelt and Frances Conklin. Thomas, Springfield, III. ; 
Blackwell, Oxford, England; Ryerson, Toronto, 1957. 
124 pp. $4.50. 

Route-Mapping and Position-Locating in Unexplored 
Regions. Wilhelm Filchner, Erich Przybyllok, Toni 
Hagen. Academic Press, New York; Birkhauser, Basel, 
Switzerland, 1957. 288 pp. $9. 


THE SCIENTIFIC MONTHLY 

















Biogeography. An ecological perspective. Pierre Dan- 
sereau. Ronald, New York, 1957. 407 pp. $7.50. 
The Granite Controversy. Geological addresses illustrat- 
ing the evolution of a disputant. H. H. Read. Inter- 

science, New York, 1957. 449 pp. $6.75. 

Handbuch der Physik. vol. XLVIIL. Geophysics II. S 
Fliigge, Ed. Springer, Berlin, 1957. 1053 pp. DM. 198. 

Gmelins Handbuch der Anorganischen Chemie. System 
No. 28. Calcium, pt. A, sec. 2, Occurrence, the element, 
the alloys. 500 pp. $55.68. System No. 32. Zinc, suppl 
1061 pp. $138. System No. 68. Platinum, pt. D, Com- 
plex compounds with neutral ligands. 692 pp. $90. 
Edited by Gmelin Institute under the direction of E. 
H. E. Pietsch. Verlag Chemie, Weinheim/Bergstrasse, 
ed. 8, 1957, 1956, 1957. 

Critical Notes on Evolution, William L. 
liam L. Fischer, 
Germany, 1957. 111 pp. 

Proceedings of the International Wool Textile Re- 
search Conference, Australia 1955. vol. D, Physics 
of Wool and Other Visco-elastic Fibres. 272 pp. vol. E. 
pt. 2. 620 pp. W. G. Crewther, Ed. Commonwealth 
Scientific and Industrial Research Organization, Aus- 
tralia, Melbourne, 1956. 

Village and Plantation Life in Northeastern Brazil. 
Harry William Hutchinson. An American Ethnological 
Society publication, cosponsored by the Research and 
Training Program for the Study of Man in the Tropics. 
University of Washington Press, Seattle, 1957. 208 pp. 
$3.50. 

The Concept of Development. An issue in the study of 

behavior. Dale B. Harris, Ed. 
Minnesota Press, Minneapolis; Oxford University Press, 
London, 1957. 297 pp. $4.75. 

The Climate Near the Ground. Rudolf Geiger. ‘Trans- 
lated from ed. 2 German of Das Klima der Bodennahen 
Luftschicht, with revisions and enlargements by the 
author, by Milroy N. Stewart et al. Harvard University 
Press, Cambridge, Mass., rev. ed. 2, 1957. 514 pp. $6. 

An Introduction to Semiconductors. W. Crawford 
Dunlap, Jr. Wiley, New York; Chapman and Hall, 
London, 1957. 438 pp. $11.75. 

Introduction to Organic Chemistry. Louis F. Fieser 
and Mary Fieser. Heath, Boston, 1957. 616 pp. $7. 
Seafarers and Their Ships. The story of a century of 
progress in the safety of ships and the well-being of 
seamen. Prepared by the British Ministry of Transport 
and Civil Aviation and the Central Office of Informa- 
tion. Philosophical Library, New York, 1956. 96 pp 

$3.50. 

Statistical Methods in Research and Production. With 
special reference to the chemical industry. Owen L. 
Davies, Ed. Oliver and Boyd, Edinburgh, rev. ed. 3 
1957. 406 pp. 45s. 

System Engineering. An introduction to the design of 
large-scale systems. Harry H. Goode and Robert E. 
Mz hol. McGraw-Hill, New York, 1957. 563 pp. $10. 

Ruwenzori Expedition, 1934-35. vol. II, No. 9, Try- 
petidae. H. K. Munro. British Museum (Natural His- 


Fischer. Wil- 


Gabelsbergerstrasse 30, Muenchen, 


human University of 


, 


tory) publication. Jarrold, London, 1957. 198 pp. 
£2 Ba 
Exploration Hydrobiologique du Lac Tanganika 


(1946-1947). vol. 3, pt. 6. 


> 


Résultats Scientifiques 


publiés par l'Institut Royal des Sciences Naturelles 
de Belgique. Brussels, 1957. 89 pp. 

Human Factors in Air Transportation, Occupational 
health and safety. Ross A. McFarland. McGraw-Hill, 
New York, 1953. 830 pp. 


Drugs. A held 


auspices of the American Association for the Advance: 


Tranquilizing symposium under the 


ment of Science in cooperation with the American Psy 
the American 
Atlanta, Ga., meeting, 27-28 
No. 46. Harold E. Himwich, Ed 
the Advancement of Science, 
197 pp. $5; $4.50, AAAS 


Association and 
the AAAS 

Publ 
Association for 
D.¢ 


chiatric Physiological 


Society at 8 

Dec., 1955. 

American 

Washington, 1957. 
members 

When Doctors Meet Reporters. A frank 


science writers and physicians of the controversy bi 


disc ussion by 


tween the press and the medical profession. Compiled 
by Hillier Krieghbaum, from the record of a series of 
conferences sponsored by the Josiah Macy, Jr., 
dation. Published for the foundation by New 
University Press, New York, 1957. 119 pp. $2.50 
Fundamentals of Sonar. J. Warren Horton. U.S. Naval 
Annapolis, Md., 1957. 387 pp. $10 
A Contribution to the Heritage of Every American. 
The conservation activities of John D. Rockefeller, Jn 
Nancy Newhall. Prolog by Fairfield Osborn 
Horace M. Albright. Knopf, New York 


179 pp. 


Foun- 


York 


Institute, 


Text by 
Epilog by 
1957. 

Géologie Sedimentaire. 

Masson, Paris 
1956. 722 pp. F. 11,000. 

Proceedings of the Third International Congress on 
High-Speed Photography. Held under the auspices of 
the Department of Scientific and Industrial Research 
in London 10-15 Sept. 1956. R. B. Collins, Ed. Aca 
demic Press, New York: Butterworths, London, 1957 
117 pp. $13. 

Practical Applications of Engineering Soil Maps. En 
gineering Soil Survey of New Jersey, Rept. No 
William W. Holman, Robert K. McCormack, James P 
Minard, Alfred R. Jumikis. Rutgers University Press, 
New Brunswick, N.J., 1957. 113 pp. $3. 

Cold Injury. Transactions of the fourth conference 7-9 
Nov. 1955, Princeton, N.J. M. Irene Ferrer, Ed. Josiah 
Macy, Jr., Foundation, New York, 1956. 371 pp. $5.95 

Investigation of Virus Diseases of Brassica Crops. 
Agricultural Research Rept. Ser. No. 14 
L. Broadbent. Cambridge University Press, New Yor! 
1957. 94 pp. $3. 

Nature’s Guardians, Your Career in 
Messner, New York, 1957. 192 pp. $3.50 

John Muir, Father of Our National Parks, Charl: 
Norman. Messner, New York, 1957. 191 pp. $2.95 

Coal Science. Aspects of coal constitution. D. W. Van 
Krevelen and J. Schuyer. Elsevier, New York, 1957 
order from Van Nostrand, Princeton, N.J 352 pp 
$9.50. 


Augustin 
Vaillant-Carmanne, Liége, 


Les series marines 


Lombard. 


Council 


Conservation. 


Meat Hygiene. WHO Monograph Series No. 33. World 
Health Organization, Geneva, 1957 (order from Co 
lumbia University Press, New York). 511 pp. $10 


Gestation. Transactions of the third conference 6-8 Mat 


1956, Princeton, N.J. Claude A. Villee, Ed. Josiah 
Macy, Jr., Foundation, New York, 1957. 253 pp 
$4.75. 


The Physiology of Reproducton in Fungi. Cambride 
Monographs in Experimental Biology No. 6. Lilian | 
Hawker. Cambridge’ University Press, New York, 1957 
128 pp. $3. 

The Population of Jamaica. George W. Roberts. Pub 
lished for the Conservation Foundation at Cambrideg 
University Press, New York, 1957. $7.50 

Butterflies. E. B. Ford. Collins, London, ed. 3, 1957 
(order from Macmillan, New York 368 pp. $6 


356 pp 








vr Meetings %& 


July 

2/1 Medical-Soc iologK al Aspec ts ol Senile Nervous 

Diseases, internatl. symp., Venice, Italy. (S. N 

gold, Jewish Vocational Service of Greater Boston, 70 

Franklin St., Boston 10, Mass. ) 

21-28. Neurological Sciences, Ist internatl. Brus- 
sels, Belgium. (P. Bailey, National Institutes of Health, 
Bethesda 14, Md 


20 
Fein- 


CONnRK., 


23-24. Modern Electrochemical Methods of Analysis, 
internatl. symp., Paris, France. (G. Charles, Ecole 
Superieure de Physique et de Chimie, 10, rue Vau- 
quelin, Paris 5°. 

25-26. Structure Properties Relationships of Polymers 
(IUPAC), Paris, France. (International Union of Pure 
and Applied Chemistry, 4, Avenue de PObservatoire, 
Paris 6' 

25-29, Protein Chemistry Symp., IUPAC, Paris, France 
(J. Roche, College de France, Place Marcellin Berthe 
lot, Paris 5' 

26-27, Experimental Psychology and Animal Behavior 


Section of Internatl Union of Biology, Brussels, Bel- 
gium, (H. S. Langfeld, Dept. of Psychology, Princeton 
Univ., Princeton, N.J 

26-27. Linguistic Soc. of America, Ann Arbor, Mich. (A 
\. Hill, Box 7790, University Station, Austin 12, Tex.) 

26-27. Military Psychology, internatl. symp., Brussels, 

Belgium. (National Academy of Sciences, 2101 Consti- 

tution Ave., NW, Washineton 25. ) 

3/7. International Humanist and Ethical Union, 2nd 
cong., London, England. (American Humanist Assoc., 
Gate House, Yellow Springs, Ohio. ) 

26-1. International Coneress on Nutrition, 
France | Conerés International de 
CNERNA, 71, Boulevard Péreire, Paris 17°.) 
7-3. Religion in the Age of Science, 4th annual, Star 
Island, Isles of Shoals, Portsmouth, N.H. (Mrs. R. 
Holt, Box 156, Pennington, N.J.) 

28-1. Psychoanalysis, 20th internatl. cong., Paris, France. 
(Dr. Nacht, 187, rue Saint-Jacques, Paris 5°. 

28-3. Psychology, 15th internatl. cong., Brussels, Belgium. 
(L. Delys, 296, Avenue des Sept Forest- 
Bruxelles. ) 

31-5, International Assoc. for Hydraulic Research, Lis- 

bon, Portugal. (M. C. Mendes da Rocha, Laboratorio 

Nacional de Engenharia Civil, Avenida do Brasil, Lis- 

bon. 

6. Dermatology, 11th internatl. cong., Stockholm, 
Sweden, (C. H. Floden, Hudkliniken, Karolinska Sjuk- 
huset, Stockholm 60. ) 


Ib 


tth, Paris, 
Nutrition, 


a/ 


Bonniers, 


31 


August 

2-3. Pennsylvania Acad. of Science, Honesdale. (K. 
Dearolf, Public Museum and Art Gallery, Reading, 
Pa.) 

5-11. Pan American Cong. of Pediatrics, 5th, Lima, 

Peru. (C. F. Krumdieck, Washington 914, Lima.) 

17. Gurare and Curare-Like Agents, internatl. symp., 

Rio de Janeiro, Brazil. (C. Chagas, Instituto de Bio- 

fisica, Universidade do Brasil, 458 Avenida Pasteur, 

Rio de Janeiro. ) 

9, Poultry Science Assoc., annual, Columbia, Mo. C. B. 

Ryan, Texas A. & M. College, College Station, Tex.) 

9. Industrial Applications of X-Ray Analysis, 6th an- 

nual conf., Denver, Colo. (J. P. Blackledge, Metal- 

lurgy Div., Denver Research Inst., Univ. of Denver, 

Denver 10.) 
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Diseases 


7-9, International Union against the Venereal 


and the Treponematoses, 31st general assembly, Stock- 


holm, Sweden. (Secretary General, Institut Alfred 
Fournier, 25, boulevard Saint-Jacques, Paris 14°, 
France. ) 

8-15. International Statistical Inst., 30th, Stockholm, 
Sweden. (Secretary General, ISI 30th session, Fack, 
Stockholm 5.) 

8-15. International Union for the Scientific Study of 
Population, Stockholm, Sweden. (F. Lorimer, c/o 
American Univ., Washington 16.) 

11-14. Heat Transfer, national conf., University Park, 
Pa. (G. M. Dusinberre, Pennsylvania State Univ., Uni- 
versity Park.) 

11-17. World Federation for Mental Health, 10th an- 


nual, Copenhagen, Denmark. (Miss E. M. Thornton, 
19 Manchester St., London, W.1, England. ) 

12-16. Canadian Teachers’ Federation, annual, Edmon- 
ton, Alberta, Canada. (G. C. Croskery, 444 MacLaren 
St., Ottawa 4, Ont.) 

12-18. Theory of Functions, internatl. colloquium, Hel 
sinki, Finland. (B. Eckmann, Ecole Polytechnique 
Federale, Zurich, Switzerland. ) 

12-25. International Soc. of Soil Mechanics and Founda- 
tion Engineering, 4th (A, 
Banister, Institution of Civil Engineers, Great George 
St., London, S.W.1.) 


conf., London, England. 


18-21. American Astronomical Soc., Urbana, Ill. (J. A. 
Hynek, Smithsonian Astrophysical Observatory, 60 
Garden St., Cambridge 38, Mass. ) 

19-21. National Council of Teachers of Mathematics, 


Northfield, Minn (M. H. Ahrendt, NCTM, 1201 16 
St., NW, Washington 6. ) 

19-22. American Veterinary Medical Assoc., annual, 
Cleveland, Ohio. (J. G. Hardenbergh, AVMA, 600 S 
Michigan Ave., Chicago 5, Il.) 

19-23. Clay Conf., 6th natl., Berkeley, Calif. (Dept. of 


Conferences and Special Activities, Univ. of California 


Extension, Berkeley 4.) 
19-23, Clinical Chemistry, 2nd internatl. European 
Cong., Stockholm, Sweden (K. Agner, Box 12024, 


12.) 

Groups, International Colloquium, ‘Tii- 
(H. Wielandt, Faculty of Mathe 
Eberhard-Karls-U niver- 


Stockholm 

19-24, Finite 
bingen, Germany. 
matics and Natural Science, 
sitat, Tiibingen. ) 

19-24. High Energy Physics Symp., Oak Ridge, Tenn 
(University Relations Div., Oak Ridge Inst. of Nuclear 
Studies, P.O. Box 117, Oak Ridge.) 

19-24. New England Assoc, of Chemistry Teachers, 19th 
summer conf., Waterville, Me. (Rev. J. A. Martus, 
College of the Holy Cross, Worcester 10, Mass. ) 

19-24. Origin of Life, internatl. symp., Moscow, U.S.S.R. 
(G. A. Deborin, Inst. of Biochemistry, U.S.S.R. Acad. 
of Sciences, B. Kaluzskaya 33, Moscow, B.71.) 

20-22. Liquid Scintillation Counting Conf., Evanston, Il. 
C. G. Bell, Jr., Technological Inst., Northwestern 
Univ., Evanston.) 

20-23. Western Electronic Convention, annual, San 

Francisco, Calif. (D. B. Harris, Electron Tube Re- 
search, General Electric Microwave Lab., Palo Alto, 
Calif.) 

24. Pi Lambda Theta, New York, N.Y. (Carmen 
Johnson, Pi Lambda Theta, 307 Portland Bldg., 1129 
Vermont Ave., NW, Washington 5.) 

International Scientific Radio Union, 12th general 
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e KREBS CYCLE 
COMPOUNDS 


STEROIDS 
Labeled with H’, H’, C", P*, 1°", Etc. 


For Detailed Information Regarding 
Tracers and/or Counting Equipment 


WRITE OFFICE » westeRN SALES 
NEAREST YOU— Nuclear Corp 


manufactured by 703 South Main Street 
ISOTOPES SPECIALTIES J iii0.conrinent sates 


compan we. Eee: | FEVER THERMOMETER’ 


Sul he St. Louis 19, Missouri 
Nu cs el EASTERN SALES 


uclear 


ae ory for supersonic jets 














America, 


ine. Long Island City 6, N. Y 











In order to break sound barriers, jet engines must 
break some temperature barriers, too—which brings 


Surplus Twist | ,; , 
4 | P $ | some real problems in material selection. Any ther 
DRILLS mostatic control in contact with the hot jet gases 


must withstand temperatures of 2000° without signi- 





a > aaa eines CARBON | ficant chi inge in properties and characteristics. 
oe sg aa AND NEW Faced with this problem, one of the world’s leading 
e 2832S aS2 LESS THAN 5S¢ EACH | designers and manufacturers of aircraft components 


and systems has made Kennametal* a “Partner in 
Progress’’—and has found an answer. For a vital part 
of the sensing element in a thermostat assembly, a 


- AA Oe MKHeE FOR HAND OR ELECTRIC 
DRILLS: Hobbyists! Home- 
owners! Carpenters! Almost 







your last chance to get 41 | small tube of Kentanium* is used. This material, one 
brand-new, carbon tool-steel | | of a big family of unusual carbides developed by 
twist drills at this low price. | | Kennametal, retains its responsiveness and reliability 
Sell for up to $6 in stores... | | through the entire flaming range of operating 


You get about 5 each of all most 
used sizes from needle-sized 1/16" 
up to and including 1/4”. Tempered 
cutting edge easily bite through steel, 
aluminum, iron, wood, or plastic. Each 
drill hardened and designed to give many 
drillings. Limited supply geing fas! ! 
Rush $2 for each set ordered and we pay postage. 
if C.0.D. you pay postage. 


fe oe ae ne a oe em ee a a eae oe oe oy 


! SCOTT-MITCHELL HOUSE, Inc. 





temperatures. 

Perhaps you have some new product in mind that 
is still on the drawing board for want of materials 
with the necessary properties to meet an unusual 
operating condition. If the need is for superior cor- 
rosion or erosion resistance, hardness, strength and 
stiffness, or resistance to elevated temperatures, the 
chances are that you can find the combination of 
| Dept. 7107 B, 611 Broadway, New York 12, N.Y. propert ies you need in the Kennametal line. Just write, 
Sexo eee een eos woes enue eeu eneo eum me cute tun ums com ums em ump umm dao un,mcemema | Outumimg your problem, to KENNAMETAL INc., Dept. 

— aera | MS, Latrobe, Pa. 


TO AUTHORS | *Kentanium and Kennametal are the trademarks of a series of hard 


seekin a ublisher | carbide alloys of tungsten, tungsten-titanium and tantalum 
gap ¢.s0ee 
Learn how we can publish, promote and distribute your book on a 
professional, dignified basis. All subjects considered, Scholarly and 
scientific works a specialty. Many successes, one a best seller, Write ™ in 
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"> KENNA AMETAL 


for booklet SM—it’s free. ™~ 
VANTAGE PRESS, Inc. @ 120 W. 31 St., N.Y. 1 aX se ; 
In Calif.: 6253 Hollywood Blod., Hollywood 28 \ 
In Wash., D.C.: 1010 Vermont Ave., NW : 














K. A. Norton, Boulder Lab 
of Standards, Boulder 


assembly, Boulder, Colo 


oratories, National Bureau 


24-26. International Soc. for Biological Rhythm, 6th 
conf., Semmering, Austria. (A. Sollberger, Anatomical 
Dept., Karolinska Institutet, Stockholm 60, Sweden 

25-27. Pacific Division-AAAS, annual, in conjunction 


with American Inst. of Biological Sciences, Stanford, 
Cali R. ©. Miller, Acad. of 
Golden Gate Park, San Francisco, Calif.) 
American Farm Economic Assoc., natl., Asheville, 
N.( L. S. Hardin, Dept. of Agricultural Economics, 
Purdue Univ., Lafayette, Ind. ) 

American Institute of Biological Sciences, annual, 
Stanford, Calif H. T. Cox, AIBS, 2000 P St., NW, 
Washington 6 


California Sciences, 


> 
2 , 28 


25-29 


following 28 meetings are being held in conjunc 
AIBS meeting at Stanford, Calif 
Stecre, Dept. 


Lhe 
tion with the 
American Bryological Soc., annual. (W. C, 

of Biological Sciences, Stanford Univ.) 
American Fern Soc., annual. (1. L. Wiggins, Dept. of 

Biological Sciences, Stanford Univ. 

American Microscopical Soc., annual. (G. M 

Dept. of Biological Sciences, Stanford Univ.) 
American Phytopathological Soc., annual. (W. B. Hewitt, 


Smith, 


Dept. of Plant Pathology, Univ. of California, Davis 
26°28 Aug. only 

American Soc, for Horticultural Science, annual. (H. P. 
Olmo, Dept. of Viticulture, Univ. of California, 
Davis } 


American Soc, of Human Genetics. (E. J. Gardner, Dept 
of Zoology, Utah State College, Logan.) 

American Soc, of Ichthyologists and Herpetologists. (R 
(. Brown, Menlo College, Menlo Park, Calif.) 

American Soc, of Limnology and Oceanography. (D. E 
Wohlschlag, Dept. of Biological Sciences, Stanford 
Unis 

American Soc, of Naturalists, annual. (D. Perkins, Dept 
of Biological Sciences, Stanford Univ.) 

American Soc, of Plant Physiologists, annual. (W. R 
Briggs, Dept. of Biological Sciences, Stanford Univ 
American Soc. of Plant Taxonomists, annual. (I. L. Wie- 
gins, Dept. of Biological Sciences, Stanford Univ.) 
American Soc. of Zoologists, annual (J. F. Oliphant, 

Dept. of Biological Sciences, Stanford Univ.) 
Biometric Soc., WNAR. (D. E. Wohlschlag, Dept. of 
Biological Sciences, Stanford Univ.) 
Botanical Soc. of America, annual. (W. C. 
of Biological Sciences, Stanford Univ.) 
Ecological Soc, of America, annual. (I. L. Wiggins, Dept 
of Biological Sciences, Stanford Univ.) 
Genetics Soc. of America, annual. (D. Perkins, Dept. of 
Biological Sciences, Stanford Univ.) 
Mycological Soc. of America, annual. (R. M. 
Dept. of Biological Sciences, Stanford Univ.) 
National Assoc. of Biology Teachers, (Miss E. 
Box 2841, Carmel, Calif.) 
Nature Conservancy, annual. (W. Drake, Canyon, Calif.) 
Phycological Soc, of America, annual. (G. F. Papenfuss, 
Dept of Botany, Univ. of California, Berkeley 4.) 
Sigma Delta Epsilon. (Mrs, C. B. Parker, 7 Lloyd Rd., 
Malvern, Pa.) 
Society for Experimental Biology and Medicine. (J. P. 
Baumberger, Dept. of Physiology, Stanford Univ.) 
Society of General Physiologists. (D. Mazia, Univ. of 
California, Berkeley 4.) 

Society for Industrial Microbiology, annual. (J. C. Lewis, 
Agricultural Research Service, USDA, 800 Buchanan 
St., Albany 10, Calif.) 


Steere, Dept 


Page, 


Larson, 


Vill 


31-2. 


31-3. 





R. W 
Dept. of Biological Sciences, Stanford Univ.) 
Society of Protozoologists, annual. (J. F. Oliphant, Dept 

of Biological Sciences, Stanford Univ.) 
Society of Systematic Zoology, Pacific section. (D P 
Abbott, Hopkins Marine Station, Pacific Grove, Calif 
Western Soc. of Naturalists, annual. (W. M. Hiesey, Car 
negie Institution of Washineton, Stanford, Calif.) 


Holm, 


Society for the Study of Evolution, annual 


26-27. Mathematical Assoc. of America, 38th summer, 
University Park, Pa. (H. M. Gehman, Univ. of Bul 
falo, Buffalo 14, N.Y. 

26-28. Gas Dynamics Symp., 2nd, Evanston, Ill. (A. B. 


Cambel, ‘Technological Inst., Northwestern Univ., 


Evanston. ) 
26-29, Boundary Layer Research, internatl. symp., Frei- 
(H. Gértler, Mathematisches 
Hebelstrasse 10, 


burg, Breisgau, Germany 
Institut Universitat, 
Breiseau. ) 

26-30, American Mathematical Soc., 62nd summer, Uni 
versity Park, Pa. (J. H. Curtiss, AMS, 190 Hope St., 
Providence 6, R.I.) 

26-30, Infrared Spectroscopy Inst., 8th 
ville, Tenn. (N. Fuson, Infrared Spectroscopy 
Fish Univ., Nashville 8. 

26-31. Low Temperature Physics and Chemistry, 5th 
internatl. conf., Madison, Wis. (J. R. Dillinger, Dept 
of Physics, Univ. of Wisconsin, Madison 6. ) 

27. Society for Industrial and Applied Mathematics, sum 
mer, University Park, Pa, (D. L. Thomsen, Jr., 807 
Enquirer Bldg., Cincinnati 2, Ohio.) 

27-29, American Sociological Soc., annual, Washineton, 
D.C. (Mrs. M. W. Riley, ASS, New York Univ., Wash 
ington Sq., New York 3.) 

27-30. Biological Photographic 27th 
Rochester, Minn. (S. J. McComb, Section of 
raphy, Mayo Clinic, Rochester. ) 

28-30. Gas Chromatography, internatl. symp., East Lan 

(H. J. Noebels, IGC Symp., Instrument 


der Freiburg, 


Nash 
Inst., 


annual, 


annual, 


Photog 


Assoc., 


sing, Mich. 


Soc. of America, 313 Sixth Ave., Pittsburgh, Pa.) 
28-31. Soil Conservation Soc. of America, annual, Asilo 
mar, Calif. (H. W. Pritchard, 838 Fifth Ave., Des 
Moines 14, Iowa.) 
28-3. Cell Biology, 9th internatl Cone., St. Andrews, 


Scotland. (H. G. Callan, Dept. of National History, 
Bell Pettigrew Museum, The University, St. Andrews, 
Fife.) 

29-30. Computers and Data 
symp., Denver, Colo. (J. M 
search Inst., Univ. of Denver, Denver 10. ) 

29-30, Econometric Soc., European meeting, Luxemburg, 
Duchy of Luxemburg. (Econometric Soc., Box 1264, 
Yale Station, New Haven, Conn.) 

29-31, Group Psychotherapy, 2nd internatl. cong., Zurich, 
Switzerland, (S. Lebovici, 3, Avenue President Wilson, 
Paris 16°, France. ) 

29-2, European Orthodontic Soc,., annual, Genoa, Italy 
(E. Fernex, 1, Place du Port, Genoa. ) 

29-3, International Geographical Cong., Tokyo, Japan 
(W. W. Atwood, Jr., National Acad. of Sciences, 2101 
Constitution Ave., Washington 25.) 

36-5. American Psychological Assoc., annual, New York, 
N.Y. (R. W, Russell, APA, 1333 16 St., NW, Wash- 
ington 6.) 

Astronomical League, annual, Kansas City, Mo. 

(Mrs. W. A. Cherup, 4 Klopfer, Pittsburgh 9, Pa.) 

Psychometric Soc., annual, New York, N.Y. (P. 

DuBois, Dept. of Psychology, Washington Univ., St. 

Louis, Mo.) 


Processing, 4th annual 


Cavenah, Denver Re- 
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cava, 








See the Stars, Moon, Planets Close Up! 
3” “PALOMAR, JR.”” REFLECTING TELESCOPE 


60 G 120 Power 
An Unusual Buy! 


Assembled - Ready to Use! 
You'll see the Rings of 
Saturn the fascinating 
planet Mars, huge craters 
on the Moon, Star Clusters 
Moons of Jupiter in detal! 





Galaxies! Non breakable 

aluminum covered tube 

Equatorial mount with lock 

on both axes, Aluminized 

and overcoated 3” diameter 

high-speed £/10 ventilated 

mirror relescope comes 

equipped with a 6OX eye 

iealnaessine piece and a mounted Bar 

Adapt your camera to this Seope for low Lens, giving you 60 
excellent Telephoto shots and fase and 120 power, An Optical 


nating photos of moon! Shown below Finder Telescope, alway 
ig an actual photograph of the moon so essential, is also in 
taken through our Astronomical Tele cluded. Sturdy, hardwood 
scope by a 17 year-old student portable tripod 

Free with scope: Valuable 
STAR CHART and 136 
page Astronomy Book 


Stock No. 85,050-X 
$29.50 f.0.b 


Barrington, N. J 
(Shipping wt. 10 tbs.) 


A “CLOSE-OUT” 
BARGAIN SPECIAL 
7x50 MONOCULAR 


This is fine quality, American made 
instrument—-war surplus! Actually % 
of U. 8S. Govt. 7 x 50 Binocular. Used 
for general vuservation vuih day and night . . . to take fascinating 
telephoto shots. Brand new. $95 value. Due to Japanese competition 
we close these out at a bargain price. Directions and mounting Hints 
included Stock No. 50,003-X ...... $15.00 Pstpd. 


50-150-300 POWER MICROSCOPE 
Low Price Yet Suitable for Classroom Use! 
Only $14.95 
3 Achromatic Objective Lenses om Revolving Turret! 
Imported! The color-corrected, cemented achromatic 
lenses in the objectives give you far superior results to 
the single lenses found in the microscopes selling for 
$9.95! Results are worth the difference! Fine rack and 

pinion focusing 

Stock No. 70,00B-X ..........eees $14.95 Pstpd. 
MOUNTED 500 POWER OBJECTIVE 
Threaded for easy attachment on above microscope, Achromatic 

lenses for fine viewing. 8 mm focal length 


Stoek F30,197T-K on. cerececrvceveveveseccees $5.00 Pstpd. 

















ENSATIONAL OPTICAL BARGAIN 


Fine, American-Made Instrument 
at Over 50% Saving 


STEREO 
MICROSCOPE 


Up to 3” Working Distance — Erect Image — 
Wide 3 Dimensional Field 


Now, ready after years In development—thlis f1 


trument answers the long standing need for a 
turdy, efficient STEREO MICROSCOPE at low 
cost Used in produetior in research——iIn the 
lab, shop, factory, or at home; for Inspections, 
examinatior counting checking, assembling 
Alssecting peeding up and improving quality 
ontrol, 2 sets of objectives on rotating turret 
Standard palr of wide field 10X Kellner Eyepieces 
give you 23 power and 40 power. Additional eye 


pleces available for greater or lesser magnificatiot 
A low reflection coated prism erecting system give 





you an erect image correct as to right and left 
lear and sharp. Helleal rack and pinion fo 
cusing. Precision, American-made! Storage chest included. 10-DAY TRIAL . « complete 


satisfaction or your money back 
Order Stock No. 85,039-X (Shipping wt. approx. 11 Ibs.) 
Full price ee $99.50 f.0.b. Barrington, N. J 
Send Check or M.0 





“FUN WITH OPTICS” BUILD A SOLAR ENERGY FURNACE 
Tells How To Build Your Own A fascinating new field. You 
Optical Instrument ean build your own Solar Fur 
nace for experimentatior many 
Just out > exciting pages! Easily practical use It easy inex 
understood, diagrammed instructions pensive. We furnish Instruction 
for building telephoto lenses, tele heet. This sun powered furnace 
scopes, microscopes, artist drawing vill generate terrifie heat 
projectors, slide viewer close-up 000" te 4000 Fuse 
camera = lenses binoculars rifle o metal. Produce mar 
scope etc We can furnish the usual fusing effect Sets pape 
lenses, prisms and parts you'l sflame in second Use our Fresnel Ler 14% 
need, Right now order your copy of diameter fl.14 
“FUN WITH OPTICS a terrific 
book——-tells all about lenses and Stock No. 70,130-X package of 1. . $6.00 Postpaid 
prisms, to Stock No. 70,131-X package of 2. .11.00 Postpaid 
Stock No. 9050-X 0¢ pstpd Stock No. 70,132-X package of 4. .20.00 Postpaid 








SIMPLE LENS KITS! Fun for adults! Stock No. 2-X—10 lenses $ 1.00 Postpaid 


Fun for children! Kits inelude plainly K le 
written, Illustrated booklet showing how Stock We. 5-X—45 lenses $ 5.00 Postpald 
you can build lots of optical items Stock No. 10-X—80 lenses $10.00 Postpaid 








= OPAQUE PROJECTOR—WAR SURPLUS 
Made by Beseler for the Navy—-Model OA. New 
complete with 300-watt, 115-volt bulb, projec 
tion lens and copy holders. About a $40.00 
value. Use 8 to 15 feet from screen to get 2% 
and 5 feet square pictures. Copy can he held 
front of projector and projector is furnished 
with a copy carrier for pictures you paste on 
§ x 8 inch file cards and on 2% x 3%” cards. 
Children love these. They can project their art 
work, comic books, school pictures, snapshots, 
colored pictures in full color, ete 
Stock No. 85,048-X (Shipping woight 14 Ibs.) 

$20.00 F.0.B. Barrington, N. J. 









2 DIRECT MEASURING 
POCKET MICROSCOPE - 50 POWER 


No larger than an ordinary fountain pen, this handy pocket 
nstrument ig ideal for making direct reading measurements; 
for checking small parts and dimensions under powerful 
magnification. Speeds up quality control. Instrument contains a precision, glass etched 
reticle calibrated for measurements up to 1/10° by .001° divisions. Estimates to .0005° 
can easily be made. Chrome reflector at base of instrument reflects light on object examined 
or measured. Sturdy construction assures long, useful service 









aad 


Stok Me. SO.BBSH .nnvccccvvcccccccccvescccccesscevccccces $7.95 Postpaid 








VARIABLE DENSITY GOGCLES—WAR SURPLUS 
A © Polaroid. Headband to hold onto your 
head. Have soft rubber mounting in contact 
with your face. Small knob in front to rotate 
Polaroid filters to vary the density of light 
reaching your eyes. You can take apart and gei 
four Polaroid glass mounted filters—1-3/16° 
diameter. Terrific value! Packed in small tin 










chest. 
Stock Wo. 50,144-X ........cceecceceseeess $2.50 postpald 





GET OUR GIANT 
FREE CATALOG-X 


Over 1000 Optical Bargains 
64 Fascinating Pages 

Huge selection of lenses, prisms, war surplus 
optical instruments, parts and accessories. Tele- 
scopes, microscopes, binoculars. Hand spectro- 
scopes, reticles, mirrors, Ronchi rulings, dozens 
of other hard-to-get optical items. America’s No. 
1 source of cael for Researchers, Lab. Techni- 
cians, Photographers, Hobbyists, Telescope 
Makers, etc. Ask for catalog X. 





ORDER BY STOCK NUMBER .SEND CHECK OR MONEY ORDER. SATISFACTION GUARANTEED! 


EDMUND SCIENTIFIC €O.,8ARRINGTON, NEW JERSEY 
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Still another research tooi from Lithium Corporation... 


LITHIUM 


(LOW SODIUM 


The latest from L.C.A. 
Following on the heels of the discovery that 
lithium metal dispersions make unique polymeri- 
zction catalysts (isoprene polymerized to a syn- 
thetic rubber which closely resembles natural 
rubber) comes recent interest in organolithium 
compounds as reagents for commerical uses. The 
preparation of these compounds often requires 
metallic lithium as the source of the lithium atom. 
This suggests that a lithium metal of low sodium 


Got a catalyst problem? Investigate the practicability of lithium metal. Your request on 
company or institutional stationery will receive prompt attention. 


... trends ahead in industrial applications for lithium 






PROCESSORS OF LITHIUM METAL « METAL DISPERSIONS 
METAL DERIVATIVES: Amide « Hydride 
SALTS: Bromide « Carbonate « Chloride « Hydroxide « Nitrate 


SPECIAL COMPOUNDS: Aluminate « Borate e« Borosilicate « Cobaltite «e Manganite 


Molybdate « Silicate « Titanate e Zirconate « Zirconium Silicate 





METAL 


CONTENT) 


content (0.005% maximum) may be advanta- 
geous, research-wise, in developing laboratory ex- 
perimentationsinto possiblecommercial processes. 
Atomic energy holds still further possibilities. 
This refined grade of lithium metal, as well as 
the commercial grade, is available in experimental 
and commercial quantities in the following phys- 
ical forms: ingot, cup, rod, wire, ribbon, shot 
and dispersions in suitable media. 





i LITHIUM CORPORATION 
OF AMERICA, INC. 


2698 RAND TOWER, MINNEAPOLIS 2, MINN. 








BRANCH SALES OFFICES: New York e Chicago « Bessemer City, N.C. 
MINES: Keystone, Custer, Hill City, South Dakota « Bessemer City, N.C. 
Cat Lake, Manitoba « Amos Area, Quebec 

PLANTS: St. Louis Park, Minnesota « Bessemer City, N.C, 

RESEARCH LABORATORY: St. Louis Park, Minnesota 



















